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America’s 
Most Complete Line 
of Self-Protected 
Bearings 






NORMA-HOFEMANN 


Sealed Bearings 


Metal Shielded 
Bearing 


There's a good reason why Norma-Hoffmann 

Sealed Bearings give such outstanding performance 
under all types of operating conditions. 
First — the efficient seals, metal, synthetic rubber, 
or felt, keep grease in... keep dirt, dust and other 
harmful material out. The special seal designs elimi- 
nate race distortion, assure dimensional exactness 
and quiet operation. They simplify mountings . . . 
speed up assembly. 


Special Seal Design PLUS the right grease for 


the application insures against dry bearings. 


FIELD OFFICES: Philadelphia * Chicago * Cincinnati * Cleveland + Dallas « Denver « Detroit « Kansas City « Los Angeles « San Francisco « Seattle 


y “Plastiseal” Rubber 
Sealed Bearing 


Second — all Norma-Hoffmann sealed bearings 
are “factory packed” with a carefully metered quan- 
tity of high quality filtered grease ... grease that is 
highly resistant to oxidation . . . grease chosen to 
meet specific operating temperature requirements. 
Result — trouble-free performance over long 
periods without regreasing. 

Investigate Norma-Hoffmann sealed and other 
bearings for your equipment. Write for engineering 
assistance and catalog. 


precision ball, roller & thrust bearings ; 


NORMR-HOFEM 


founded 1911 


fet 
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The BODINE line — 


a complete line of fractional hp motors 
More than 3500 standard built-to-order motors 


..-for blowers, pumps, coin-handling BODINE SPEED REDUCER 
units, communication equipment, MOTORS 

therapeutic devices, sound-recording ...combines motor and speed reducer in one 
and reproducing equipment, machine unit, eliminating all cumbersome and 

tools, and similar applications ‘ j : complicated speed reducer transmissions such as 
BODINE TYPE N MOTORS ; > belts, gears, and chains 


These motors are available in three basic 
sizes... the smallest 33/g” in diameter... ® ' ...single or double 
the largest 51/2”. Almost any type wind- reduction speed reducers 
ing. Standard ratings from 1/150 to 1/6 for transmitting low 
hp at 1725 rpm. 7 torques over a wide range 
of speeds. Height, 35/3”. 
Write for bulletin “’S” 


cer ft »| 
control apparatus, and related — © deliver 
: m rate torques af io\ 
equipment Cree wore ow 


speeds. Height, 43/,”. 
BODINE TYPE K-2 MOTORS 
Available with and without speed re- 
ducers. Model without reducer ideal for 
equipment requiring relatively low out- 
put. Overall height only 23/g”. Instantly 
reversible. Can be stalled indefinitely. 
Synchronous or non-synchronous. Nor- 
mal 60-cycle output ranges from 1/2000 
to 1/500 hp on continuous duty. ...single reduction, right 
Models with parallel shaft speed re- angle worm gear reducer to 
ducer have high starting torque of not ja deliver moderate torques. 
less than 150% of full load torque at ey Height, 47/,” 
room temperature. Quickly reversible 
under load. Synchronous or non-syn- 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque ratings from 
1.3 in. oz. to 120 in. oz. F 


...for instruments, timing devices, ---double worm-gear Say; 
vie.) 


Write for bulletin 1024A 
...for speed reducer 
models, bulletin 10238 ...double worm-gear 
reducer for transmitting 
high torques at low 


speeds. Height, 67/g”. 


...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 

BODINE TYPE U MOTORS 


“U" type motors are available in 1, 

and 1/15 hp at 1725 rpm...and in 1/30 ; é ...single reduction, right 
hp at 1125 rpm. Diameter 43/g . Split- Goi, ‘ angle worm gear reduce 
phase construction. Resilient mounting for . Pi bog for fransmittina substantia 
quiet operation. Thermal overload pro- ; torques. Height, 64”. 
tection. ' 


rs 


| 


Write for bulletin 1028 


295 different stock types and sizes ready for fast shipment! 


BODINE ELECTRIC CO., 2508 W. BRADLEY PLACE, CHICAGO 18 
heavy duty reducer for 


continuous driving of 


‘ heavy locds. Ample reserve 
se =} '@) BD) H N E ' for overloads. Height 77/, . 


INE fractionol Eight d ferent windinas. 
horsepower 


M oune RS Write for bulletin 10228 
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.-.-the power behind the leading products 











Carburetor accelerator 
pump diaphragm 


Carburetor accelerator 
pump diaphragm 


Transmission vacuum diaphragm 
and piston assembly 


Fuel injection control 
diaphragm assembly 


Need Critical Diaphragms? 


C/R will design, compound and mold them 
to your exact specifications 


Simple or complex, your diaphragm problem 
can be solved quickly, dependably with the help 
of C/R Sirvene engineers. Their specialized 
experience gained in the solution of hundreds 
of similar problems is yours to use. They will 
design and compound the correct elastomers to 
produce the exact degree of hardness, tensile 
strength, compression set, volume change and 
fiexibility you require. Temperature resistance, 
with various materials, ranges from —100° to 
500°F., and compatibility with an equally 


Write for your copy of the illustrated Diaphragm Bulletin SD-100. 


1221 ELSTON AVENUE « CHICAGO 22, ILLINOIS 
Offices in 55 principal cities. See your telephone book. 


broad range of fluids, gases and solids, including 
petroleum base fuels and synthetic hydraulic 
oils can easily be achieved. 

Whether you specify critical tolerances, exact 
concentricity or flawless bonding—the more 
reason to assign full responsibility to C/R 
Sirvene engineers. They'll assure the absolute 
uniformity and quality of your diaphragm 
straight through production. Define your dia- 
phragm problem to us and see how we can help. 


C, 


SIRVENE 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


DIVISION 


in Canada: Manufactured and Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd. 
Brantford, Ontario. Export Sales: Geon International Corp., Great Neck, New York. 
Other C/R Products: C/R Shaft and End Face Seals © Sirvis-Conpor mechanical 
leother cups, packings, boots « C/R Non-metallic Gears 


CHICAGO 
RAWHIDE 


Circle 405 on Page 19 MACHINE DESIGN 











Front Cover: A beam of light, as 
portrayed by artist George Farns 
worth, “‘sees’’ objects in a photo 
electric control system. J. J. Larew’s 
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“BaW Welded Tubing }| with special smooth ID finish 


keeps my fabrication problems to a minimum! 


: 
} 


' 4 


As a design engineer for hydraulic applications, | find that B&W Welded Carbon Steel 
Mechanical Tubing with special smooth ID finish offers outstanding benefits. 
The finished ¢ondition in which it comes to our plant reduces costs 
by eliminating a number of fabricating operations.” 


The uniform finish of this type of tubing means that for many hydraulic 
applications it can be used “as received” from the mill—eliminating 
such operations as grinding and polishing. Continuous quality 
control through every manufacturing operation—with ultrasonic 
testing supplementing accepted methods of inspection—makes 

sure that you get tubes matched to your end-use application. 

Ask Mr. Tubes, the B&W specialist—he can help you with 

any tube problem—or write for bulletin TB-428. The 

Babcock & Wilcox Company, Tubular Products Divi- 

sion, Beaver Falls, Pa. 





Seamless and welded tubular products, solid extrusions, seamless welding fittings and forged steel flanges —in carbon, alloy and stainless steels and special metals. 
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Moon Dust Won‘t Swamp This Space Home 


Designed for worst possible moon conditions, this 340-foot 
aluminum prefab will float at anchor on a sea of dust. 
Providing all “city conveniences,’ the station will protect 
residents from the rigors of lunar environment, including 
bombardment from gnat-like meteorites, radiation, in- 
tense heat and cold (+214 F at lunar midday to —243 F 
it midnight). The slightly arched meteorite shield is pierced 
only by the plastic-domed control tower. Because of the 
ntense ultraviolet radiation which would discolor glass or 


plastic, this dome and the observatory bubble (near end) 
are the only windows, and they're protected by retractable 
metal screens. Entered through an air lock, the interior of 
the building is held at 10 psi, roughly the level in present- 
day pressurized airliners. Dr. John S. Rinehart, Colorado 
School of Mines, who gave technical direction to the de 
sign, predicts a moon station in ten years. Wonder Build 
ing Corp. of America, Chicago, recently exhibited this mode! 
to Washington officials 


Engineer Shortage? NSPE Says No 


Quality and Professional Status 
Are by Far the Major Problems 


San Francisco—Dire predictions 
and rumors concerning the so-called 
engineering shortage are a disserv- 
ice to the nation and the engineer- 
ing profession because they are not 
based on sound analysis. 

Misguided neutrality on the part 
f industrial management regarding 
the unionization of engineers could 
result in a complete breakdown of 
the concept of professionalism in in 
dustry. 

These are the emphatic opinions 
expressed by the NSPE Board of 


Directors at the fall meeting in San 
Francisco. 

The Board’s plea to the Press and 
industry to stop “adding fuel to the 
shortage fire,” is based on these 
facts: 
®@ Engineering school enrollments are at 
an all-time high and are continuing to 
increase without artificial stimulation. 

e@ Action which may force-feed students 
into en 2ring curricula without ade- 
quate 2 nce to the over-burdened en- 
gineering schools can only harm the 
cause of engineering education. 

® Greater utilization of existing engineer- 
ing manpower is recognized by all author- 
ities as a first-priority item. 

@ The problem cannot be resolved by 


merely adding to the number of engineers. 
The real need is for quality, not quantity. 


In regard to unionization, Dr 
Clark A. Dunn, Society president, 
said in an interview that the “neu- 
tral attitude taken by management 
in some firms when faced with an 
election among engineering em- 
ployees on the question of union 
representation is actually an abdi- 
cation of management’s §responsi- 
bility in preserving the distinction 
between professional and nonpro- 
fessional services.” 

Dr. Dunn pointed out that “such 
an abdication of management re- 
sponsibility has led to a situation in 
the aircraft and other industries on 
the West Coast in which many 
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Do you know about 
Gask-O-Seals? 


THIS 
Gask-O-Seal 


EXCEEDS 
HERMETIC 
SPECS! 





Gask-O-Seals often equal or exceed specification for 
hermetic sealing. The one shown here nstance, hos 
eight sealing points and is on ohe of newest 
missiles. The leakage rate is less than > Original 
hermetic seal specification calle r which is about os 
perfect as any seal can be 

Gask-O-Seals are high and low 

which require NO groove machining 

A flat surface with only a 125 RMS surface finish is 

you have to provide to get positive sealing with o 
Gask-O-Sea 

There are many other outstanding features about 
Gask-O-Seals: Limited area fluid attack, no loss of 
structural strength, rigid, easy to install and replace, no 
tolerance build-up possible in seal cc etc 

Why not find out about Gask-O-Seals and the-.other 

seals of Parker Seal Company's “O-Seal Family’’—by 


the makers of Parker O-rings 





— fa 


Before Fostener Atter Fastener 


= 














arker 
SEAL COMPANY 


CULVER CITY CALIF eC lEVELAND,12 


A DIVISION OF Parker Hannifin 
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ENGINEERING NEWS 
- AIEE functional plan for unity was | To ics 
young engineers have never heard not acceptable to the majority of | Pp 
an expression of support concerning the presidents of the founder soci- Which lle pig goes to snsthet may 
professionalism from employers.” eties. The proposal would assign some day be determined by ultrasonics. 
In other significant developments, technical responsibilities to EJC, Researchers are now using this means 
James N. Landis, president of educational subjects to ECPD, and to measure the amount of lean meat 
ASME told the Board that the professional duties to NSPE. | on livestock. Penetrating an animal’s 
hide, high-frequency sound waves pro- 
duce an echo when they strike matter 
of a different density, such as lean 
meat or bone. Accuracy is high—in 
a government research project, an 80 
per cent correlation was found be- 
tween the ultrasonic measurements 
and actual measurements of meat after 
slaughtering. Ultimately, the process 
could enable farmers and ranchers to 
save their leanest stock for breeding. 





ee ee @ 

Uncle Sam may want you to serve 
as a “tax engineer.” The Internal 
Revenue Service says engineer revenue 
agents are needed in cases involving 
“engineering issues” such as various 
aspects of depreciation, depletion, in- 
dustrial management, valuation, ete. 
Anyone who accepts the fact that he 
: ae can’t beat ‘em and is interested in 
Tiny Hi Fi Plays Back Data Fast joining “em can get a pamphlet on 


: ; . - : the subject from the Assistant Com- 
Using a closed loop of tape 600 ft long, this rugged little recorder will print wieiboner (Tochenical). An: TAR. tn- 


two tracks of information simultaneously at 1.25 ips for any interval up to ternal Revenue Service, Washington 
96 minutes. After playing back information on command signal at 7.5 ips (6 | 5 D.C. 

times recording speed), the unit is ready to collect more data. The 8-lb unit, | ao 

which measures 9 in. long by 5 in. by 41/2 in., is designed to take the rigors of 
space travel, including accelerations up to 50 g, and orientation in any direction. 
It is the first such recorder to be equipped with a synchronous motor, making 





Bad news for rural party-line eaves- 
droppers is one of the features of a 
new telephone system: Only the party 
called hears a bell. The system, de- 


possible an exact time reference for its data signals. The whole electronics sys- 
tem calls for only 10 watts of power and is designed so that power is turned on | veloped by Kellogg Switchboard and 
only when the recorder is in operation. Unit was designed by Lockheed’s Missile 2 
Systems division, Palo Alto, Calif. nels on one pair of wires. Small bat- 


Supply Co., provides eight voice chan- 


teries mounted on a pole near the 
subscriber’s house keep his phone in 
service even when storms knock out 
power lines, and an electronic unit 
automatically strengthens voices to 
compensate for line noise. 

e e e 

Sweetest gun in the East is the one 
invented by a New York electrician 
to shoot out portions of ice cream. 
An electric heating unit in the wall 
of the dispenser’s barrel heats in- 
stantly when the trigger is pulled and 
cools quickly. In operation, the barrel 
is warmed and plunged into ice cream 
for filling; the ice cream cools the 
barrel, and the gun is removed. Pull- 
ing the trigger a second time warms 
the barrel again and releases the ice 
cream for serving. 

e ¢« e@ 

The best-dressed button-pusher will 
wear a snug glove, according to find- 
Packaged Motor-Control Room ings of the Air Force. A study con- 
ducted at Wright Air Development 
Modular, factory-assembled motor-and-control rooms simplify equipment mainte- Center, Dayton, Ohio, measured char- 
nance and cut installation cost, according to General Electric. Model shows fully- acteristics affecting speed of operation 
enclosed dustfree room with its complement of ac and dc controls, motor-generator of instrument controls by gloved hands. 
set, motor-operated rheostats, and associated control equipment. Lift-up flooring Snug gloves proved best. Results of a 
covers conduits. Basic size of packaged units is approximately 8 ft high, up to 10 parallel study indicate that a horizon- 
ft deep, and up to 20 ft long. tal arrangement of pushbuttons is best 
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ond self-contained conn 


LEROEL EREN rade 


BEVEL GEARS 


What happens when you use 
right angle or angular drives? 


More flexibility. Instead of designing 
around your transmission, you can de- 
sign a transmission info your products 
with angular drives. 

The helicopter, for example, is made 
more compact by having a single drive 
source service both a blower and a pump. 
The drive on the speedboat gives better 
balance and more usable cabin space. 
The cotton picker runs fourteen separate 
picking spindles off one drive member. 
Greater accuracy. Using Gleason ma- 
chines and methods you can grind or cut 
bevel gears to exceptionally close toler- 
ances. The complete accuracy and re- 
liability needed in the missile and fire 
control unit are obvious. 

Heavier loads. An angular drive can 
stay compact and still carry heavy loads 


such as the one on the gear reducer in 
the cooling tower fan. 

Full engineering help. A large and 
competent staff of Gleason engineers is 
yours to call on for help in early design 
work, for the manufacture and testing 
of prototypes, for selecting and setting 
up of machines and methods, and for 


any other assistance you might need. 
Free literature. To become better ac- 
quainted with the advantages and the 
theory of bevel gear drives, send for 
these Gleason Manuals: 

20° Straight Bevel Gear System 

Spiral Bevel Gear System 

Zerol® Bevel Gear System 


 GLEASON WORKS 


Builders of bevel gear machinery for over 90 years 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 
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ENGINEERING NEWS 


Pure Quartz Thread Reinforces Hot Plastics 


Thread and cloth made of pure fused quartz boost the strength-to-weight ratio 
of many plastics now used in rockets and missiles. In high-temperature applica- 
tions, quartz reinforcing has also permitted use of many plastic components in the 
place of metal, with a weight saving of 10 to 1. Developed by General Electric, 
the unique material is first produced in continuous 0.0005-in. diameter mono- 
filaments of pure quartz. Several hundred single strands are then twisted, plied 
into yarn, and woven into fabric. In flame tests, above, equal-thickness panels 
of steel, glass-reinforced plastic, and quartz-reinforced plastic were burned with 
an oxyhydrogen torch for 40 sec. The intense heat—over 500 F—melted and 
burned through both steel and glass-reinforced plastic in less than 40 sec. Quartz- 
einforced plastic withstood the flame and retained its structural strength. All 
thread has been allocated to military so far, but GE is studying civilian use. 


Biggest Dam Builder of Them All 


New holder of the world’s-largest-earthmover title is this 
100-ft long, 130-ton capacity dam builder and canal dig- 
ger built by R. G. LeTourneau. Like the former champ— 
a 70-ton capacity LeTourneau machine introduced just 6 
weeks ago—the new heavyweight has dc drive motors 








geared to the rims of all eight wheels. Ac motors drive 
various controls. Two 600-hp diesel engines power the ac 
and de dynamos. During load and spread operations, right, 
front bucket scrapes up 65 tons of dirt while empty rear 
bucket, with motor in each wheel, serves as an auxiliary 








pusher. Rear bucket then scoops up the same amount of 
dirt, aided by traction of the loaded front bucket. In 
emptying the load, spreads can be single or double depth 
According to LeTourneau, 86 of the new earthmovers work- 
ing two shifts could dig a second Panama Canal in 3 years 
With previous equipment. job would require 400 machines 
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ECTRIC FURNACE STEEL 


BEARING QUALITY - AIRCRAFT - PISTON PIN QUALITY - ELECTRIC FURNACE 
ALLOY - ELECTRIC FURNACE CARBON - ALLOY BASE ALLOY - QUALITY CARBON 


é *— Electric Furnace 52100 : Electric Furnace Alloy - 
=i —ton dal Loui al Ol @al-Col-mn Of- Ug clolalmae- Vile) ’aa ~\-t-1-me-Viles mam @l0r- 110 4\am OF- ig ololar 


NLESS-— 300 Series » 400 Series : 500 Series. 


Fa 


NISHED AS-—Hot Rolled Blooms, Billets-& Bars + Hot 
Rolled, Annealed & Heat Treated + Ground Blooms & Billets 
Bars — Hot Rolled; Turned; Turned, Ground & Polished; or Cold 
Drawn with or without Heat Treatment. 


“Inland Ledioy License 
iILITiIES CATALOG 
ermal treating and finishing 
stoloy Stee! Division. Com 


ifelre} meet Ig-lola ME lilos Mmm at-tlall tt 


end for your copy today 


ARISTOLOY 


| 


ARISTOLOY | GOPPERWELD STEEL COMPANY 














nee 
249 


ARISTOLOY STEEL DIVISION - 4017 Mahoning Ave., Warren, Ohio - EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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Hypersonic Wind Tunnel 
Holds Peak Velocity Ten Hours 


Vacuum Caused by Frozen Gas 
Provides Sink for Fast Flow 


CaMBRIDGE, Mass. — To maintain 
hypersonic flow for ten hours, a 
new wind tunnel uses a unique 
flow sink instead of the conven- 
tional pump. In an atmosphere of 
nitrogen gas, used to avoid moisture 
problems, expansion coils operating 
at — 420 F freeze out nitrogen, mak- 
ing a high vacuum which draws the 
gas through the tunnel to simulate 
Mach 20 conditions at 300,000 feet. 

The refrigerating unit, called 
Cryopump, uses helium which boils 


12 


at —452 F for a refrigerant work- 
ing through a 50-hp compressor. 
This and a conventional 5-hp dif- 
fusion pump used to start the cycle 
are the only moving parts. 

To duplicate the achievement 
with conventional equipment would 
take a city block full of fans and 
pumps consuming more than 500,- 
000 hp. Most hypersonic equip- 
ment can maintain peak velocity 
and altitude for only a fraction of 
a second. Cryopump was designed 
by Arthur D. Little Inc., Cam- 
bridge, Mass. Wind tunnel is oper- 
ated for the Air Force Office of 
Scientific Research and the Office 
of Naval Research by the Univer- 
sity of Southern California. 


Mb sje 


Army, Navy Test Big Amphibians 


Navy's 100-ton Goliath, above, has 
two retractable propellers for traveling 
through water and four independent 
rubber-bushed tracks for crawling on 
land. With a capacity of 63 tons, the 
big craft can transport any tank now 
in military service. Two 500-hp diesel 
engines push the fully-loaded hull 
through water at 7 mph, or provide a 
maximum land speed of 13 mph. Built 
by Pacific Car & Foundry Co., the ex- 
perimental Goliath is 46 ft long, 1412 
ft high. 


Army's 100-ton Bare, left, is a versatile 
amphibious lighter capable of hauling 
100 tons. Bigger than Goliath, the all- 
purpose craft is 61 ft long, 26 ft wide 
and 19 ft high. Four 200-hp diesel 
engines with torque converters power 
twin propellers in water, four wheels 
on land. Maximum water speed is 7 
mph; land speed, 15 mph. Selective 
front-rear steering permits crabbing 
Barc's draft is 3 ft empty, 5 ft, 7 in 
loaded. Army Transportation Corps 
designed the craft. 


AF Sees Infrared in New Light 


WricHT-Patrerson Arr Force Base, 
Oxnto—Coated silicon-crystal “win- 
dows” transmit better than 90 per 
cent of incident infrared (IR) light 
of four to five-micron wavelength 
to substantially improve IR detec- 
tion and guidance systems efficiency. 
Not only is transmission better, but 
a broader band of the wave spec- 
trum than ever before possible can 
now be used, according to Air Force 
specialists. Possible civilian uses 
include anticollision and other de- 
tection devices. Development was 
sponsored by Manufacturing Meth- 
ods Div., Air Materiel Command, 
Wright-Patterson A.F. base. 
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TORRINGTON NEEDLE BEARINGS 
FEATURE: 

full complement of retained roll- 

ers 

unequalled radial load capacity 


low coefficient of starting and 
running friction 


low unit cost 

long service life 

compactness and light weight 
runs directly on hardened shafts 


permits use of larger and stiffer 
shafts 


¢ SPHERICAL ROLLER + TAPERED 
November 27, 1958 


Here’s Why Torrington Needle Bearings 


Provide Maximum Radial Load Capacity 


The Torrington Needle Bearing’s full complement of small diameter rollers 
provides the largest possible number of bearing contact lines in the load zone. 

This feature gives Needle Bearings a higher radial load capacity than any 
other bearing of comparable size. Precision rollers ensure smooth anti-friction 
performance with low coefficient of starting and running friction, to match this 
unequalled capacity. Rollers are positively retained by the turned-in lips of the 
outer shell, permitting simple, economical installation and assembly. 

Torrington experience spans twenty years in design and application of 
Needle Bearings to equipment of all types. This experience is at your disposal 
to help you secure the ultimate in performance built into every Torrington 
Needle Bearing. The Torrington Company, Torrington, Conn.—and South 
Bend 21, Ind. 


TORRINGTON BEARINGS 


District Offices and Distributors in Principal Cities of United States and Canada 
ROLLER + CYLINDRICAL ROLLER +- BALL + NEEDLE ROLLERS + THRUST 
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ENGINEERING NEWS 


Cloth Balloon Proves New Concept in Radar Antennas 

















A spherical radar antenna that scans 360 deg without 
actually rotating may be used with powerful new anti- 
missile radars. The beam emitted from the antenna is 
scanned by merely rotating the feed horn at high rpm 
Problem of getting the beam out of the sphere was solved 
by taking advantage of the polarization properties of radar 
waves: Direction of the electric vector of wave is fixed by 
the rectangular shape of the waveguide. Acting to reflect 
or pass radiation from the horn are parallel metallic strips 


horn is also tilted at 45 deg, strips first encountered by the 
radiation are parallel to the electric vector, and the wave 
is reflected back from the inside of the sphere, as in the 
usual dish-shaped antenna. When the reflected beam hits 
the opposite side of the sphere, it passes through conduct- 
ing strips which are perpendicular to the electric vector 


Called a Helisphere, the new antenna was developed by 


Westinghouse. A highly successful 5-ft prototype, right, 
uses ordinary drapery material containing metallic threads 


wound helically around the insulating surface of the sphere for the sphere. 


The strips cross the equator at 45 deg, left 


German Prinz 


New in the U. S. and Germany, the four-passenger Prinz is powered by a rear- 
mounted two-cylinder (vertical twin) engine rated at 26 hp. The engine is air- 
cooled and is packaged as a single unit with gears and differential. Fuel con- 
sumption ranges to 55 mpg; top speed is about 70 mph. The car is mounted 
on a 783/,-in. wheelbase, has an overall length of 1233 in., and is 54 in. high. 
it weighs 1080 Ib. Rack and pinion steering, 12-v electrical system, and uni- 
tized body-frame are major features. Prinz is built by Europe's largest producer 
of two-wheeled vehicles—NSU Werke AG, West Germany—and is the recent 
winner of the Eiffel mountain race sponsored by the German Automobile Club. 
P.O.E. price of a standard Prinz: $1398. Folding-top deluxe model costs more. 
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Full-scale spheres, made of different mate- 
lf the feed rial, would be 50 to 100 ft in diameter. 


Radiation Effect on Steels 
Is Subject of New Research 


Study Will Seek to Determine 
Nature of Crystalline Change 


PirtssuRGH—Research aimed at de- 
termining the effect of nuclear ra- 
diation on standard steels and new 
steel alloys is expected to provide 
improved steels for valves, pumps 
and other nuclear-reactor compo- 
nents. United States Steel Corp. and 
Nuclear Science and Engineering 
Corp. have joined forces to carry 
out the research project. 

Samples of various alloys will be 
first subjected to high neutron and 
gamma fluxes in a reactor. Crystal- 
line structure of the samples will 
then be studied by electron micro- 
scopy to determine grain structure 
and inclusions precipitated at the 
grain boundaries. 

Since contaminated steel samples 
would be unsafe to handle, plastic 
replicas of the polished surfaces will 
be made for detailed examination 
by scientists. 
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Electronic Calibration Center 
Opened for Business by NBS 


Uy, el Ses Minute-Measurable 
Can be Provided Now 

Bou.tpEr, Corto.—National Bureau a ae 

of Standard’s recently dedicated ariation 


Electronic Calibration Center is pro- 
viding government, industry, and 
the military services with access to 
the nation’s primary electronic 
standards. Here will be calibrated 
the master working standards which, 
in turn, are used to calibrate in- 
struments on production lines and 
in research laboratories. 

The new facility will help the 
Bureau meet the steadily-increasing 
need for more precise electronic 
standards and instruments. 

Services offered by the Calibra- 
tion Center cover three broad fre- 
quency ranges: 1. Low-frequency 
(zero through about 30 ke). 2. High- 
frequency (30 ke through about 300 
mc). 3. Microwave (above 300 mc). 

In the low-frequency region, the 
Electronic Calibration Center pro- 
vides calibrations for electrical stand- 
ards such as resistors, bridges, po- 


tentiometers, inductors, capacitors, LEWELLEN 


standard cells, electrical instruments, INFINITELY 
‘ : : i iON 

ratio devices, and instrument trans- VARIABLE SPEEOE v/s TRANSM Sssio 

f ; ; Speed Ranges to 20:1 Ratings to 60 H.P. 

formers. These services previously . 

have been available only through 

the NBS Electricity and Electronics a 

Division in Washington. They will SPEED RANGES 

continue to be available there, as 

well as in Boulder. 


Lewellen V/S Transmission 
provides speed adjustments so 


In the h.f. region the Center is Re finely graduated that measure- 
being equipped initially to calibrate SPEED CHANGES ment or indication is difficult. 
standards of voltage (unbalanced), With 
power, impedance, attenuation, and 
field strength. These standards are 
limited at present to those designed 
for continuous-wave measurements. 


the Rotometer illus- 


trated, ratio changes are read 
PRECISE 
SPEED SETTINGS 


exactly and readily, and stability 
of settings indicated. 

For most parameters, calibration . 
services are planned primarily for 
the nine fixed frequencies of 30, 100, 
and 300 ke, and 1, 3, 10, 30, 100. 
and 300 me. In addition to the fixed- 
frequency apparatus, continuous 
frequency coverage is being provided 
wherever feasible. This equipment May we send you our V/S 
will be less stable and less accurate, Transmission Catalog No. 65? 
however. 

Microwave facilities at the Center 
will measure attenuation, power, 
frequency, and impedance. The fre- moe ; 
quency range to be covered extends L E W Ee L L E N 
from 300 to 40,000 me for attenu- Manufacturing Company, Columbus, indiana 
ation, power and impedance cali- Distributors in All Industrial Areas. In Canada— 
brations. and to 75.000 me for fre- Peerless Engineering Sales, Ltd., Toronto-Montreal 
quency calibrations. 


Lewellen V/S Transmission 


PYetelt] 7 ba 3 offers accurate regulation, sen- 
SPEED RESETTING 


sitive and responsive control, de- 
pendable performance for crit- 
ical operations. 
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ROTARY SEALS are in every-day, heavy-duty 
service at key points on well-known tractors 


1. TRACK ROLLER SEAL... 
Self-contained, entirely unitized 
cartridge design, for use with 
plain or anti-friction bearings. 
For excluding dirt, retaining if 
bricant. 


2. FRONT IDLER SEAL... 
Flange-mounted unitized design 
incorporating bearing thrust plate 
with Seal assembly for exclud- 
ing dirt, retaining lubricant. 


. ioe SUPPORT ROLLER 

° - Completely unitized 
pl flange mounted, incor- 
porating bearing thrust plate, 
integral shaft gasket ond seal 
assembly. 


4. FINAL DRIVE SEAL ...A 
metal-faced, self-contained car- 
tridge, easy to design into pres- 
ent machines with minimum of 
changes. 


5. WATER PUMP SEAL ...A 
typical ROTARY SEAL style, highly 
successful for automotive as well 
as crawler and farm tractor water 
pumps. Available in many ma- 
terial combinations to meet a 
wide variety of uses. 


6. FRONT & REAR CRANK- 
SHAFT SEALS . . . Give posi- 
tive retention of liquid oil and 
vapors for long sustained usage 
without replacement, in critical 
locations in industrial and 
crawler tractor engines. Specially 
selected facing materials assure 
much longer life than ordinary 
Seals. 


7. TRANSMISSION SEAL . 
Mounted between transmissions 
ond final drives, gives positive 
separation of different lubricants, 
and maintains different levels of 
lubrication in adjacent compart- 
ments. 


8. HIGH PRESSURE BALANCED 
HYDRAULIC PUMP SEAL. . 
Designed for constant operation 
under elevated pressures and 
temperatures. Commonly used at 
pressures exceeding 1500 PSI. 


ROTARY SEAL DIVISION, Sparta, Michigan 
We are interested in the Seals we have checked off below. Please 
send us prints and additional data. 


1 


FRONT 
IDLER 


(3) 
UPPER 
SUPPORT 


cy 5) 
FINAL WATER 
DRIVE 


FRONT 


(6) @) (8) 
TRANS- BAL. 
MISSION ANCED 

SEAL PUMP 
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SPECIALIZED ENGINEERING 
SOLVES TOUGH TRACTOR 
SHAFT SEALING PROBLEMS 


Custom Modifications of 
Proven Rotary Seal Principles 
Give Non-Failing, Long Life 
Performance In Field 


Tractor design differs, from model to 
model and make to make; applications on 
a single tractor have different purposes 
and different stresses. No ‘‘handy package”’ 
Seal will do the jobs the way they must 
be done. 


ROTARY SEAL has spent years in developing 
the rugged, precision-made Seals ilus- 
trated to fit specific requirements. Working 
closely with tractor manufacturers, our 
highly skilled specialists in Seal engineer- 
ing have carefully worked out the bugs, 
one after another, in old-style Seal designs, 
and come up with ingenious and practical 
new answers. 


Whatever your field—PUMPS—GEAR 
BOXES—HYDRAULIC DEVICES— 
AIR CONDITIONING-—AGRICUL 
TURAL EQUIPMENT—or wherever 
secure shaft-sealing must be a certainty, it 
will pay you to call in ROTARY SEAL experts 
(at the drawing board stage, if possible). 
You'll get the combined advantages of our 
years of experience in the successful han- 
dling of heavy-duty applications in all sorts 
of fields, plus the assurance of a steady 
flow of ‘‘better-than-spec”’ units from our 
big, modernly equipped, specialized plant. 
Call us in now! 

é 
YOUR COPY of our latest brochure, 
“Solving the problems of Seals for Rotat- 
ing Shafts”, is waiting for your request. 
Write for it today. 


mechanical 
; _seals 
for 


i, rotating 
shafts 


ROTARY SEAL DIVISION 
MUSKEGON PISTON RING CO., 
SPARTA, MICHIGAN 
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Editorial and Advertising content classified by subject and listed by page num- 
ber for convenience when studying specific design problems. For further 
information on subjects advertised, refer to advertisement and circle Item Num- 


ber on a Yellow Card—following page. 





& 
Actuators, Edit. 88; Adv. 32 
Adhesives, Edit. 137; Adv. 65B 
Air, structural, Edit. 22 
Aluminum and alloys, Adv. 173 


Appliances, gas, Edit. 28 


Balls, Adv. 34 


Bearing materials, Edit. 125; Adv. 133, 
154, 155, 175 


Bearings, Edit. 125; Adv. 155 

ball, Adv. inside front cover, 13, 21, 
59, 127, 169 

linear motion, Adv. 173 

miniature, Adv. 127 

needle, Adv. 13 

roller, Adv. inside front cover, 
21, 59, 71, 173 

sleeve, Adv. 155 

cae Adv. inside front cover, 13, 
169 


Belts, conveyor, Adv. 51 
transmission, Adv. 51, 52, 65A 


Blowers, Edit. 140; Adv. 33, 73, 172 
Books, Edit. 160; Adv. 160, 162, 174 
Brushes, commutator, Adv. 133 
Bushings, Adv. 154 


Cams, Adv. 154 
Carbon and graphite parts, Adv. 133, 168 


Castings, centrifugal, Adv. 50 
die, Adv. 41, 70, 80, 146, 167 
ductile-iron, Adv. 140 
high alloy, Adv. 41, 146 
investment, Edit. 99 
iron, Adv. 140 
light alloy, Adv. 70 
steel, Adv. 46, 156 


MACHINE DESIGN Is indexed in Industrial Arts and Engineering Index Service, 
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lamps, Adv. 171 
Classified ads, Adv. 7 
Clutches, Edit. 107, 166; Adv. 
Coatings (see also Finishes) 
Coatings, protective, Edit. 154; Adv. 
Compressors, Adv. 158, 164 
Computers, Edit. 126 
Connectors, electric, Edit. 138 
Contacts, Edit. 144 


Control systems, electric, Edit. 90 
hydraulic, Edit. 125; Adv. 137, 157 
Controls, electric, Edit. 90, 148; Adv. 27, 

36, 47, 68, 74, 124, 129, 138, 171, 
inside back cover 
hydraulic, Adv. 32, 136, 161 
Couplings, shaft, Edit. 134; Adv. 144, 161 


Cylinders, hydraulic, Adv. 32, 171 
pneumatic, Adv. 32 37, 38, 147 


Cylindrical parts, Adv. 170 


Diaphragms, Adv. 2 
Dimensioning practices, Edit. 84 


Drafting equipment, Edit. 158, 159; Adv. 
39, 44, 65, 146, 175 
Drives, adjustable speed, Edit. 152, 155; 
Adv. 158, inside back cover 
constant speed, Adv. 77 


Electrical equipment (see specific type) 


Engineering department (see Management 
or Drafting) 


Engines, Adv. 56 


Extrusion, Adv. 5 


Fabric, Edit. 144 


Facilities, general, Adv. 41 
Fans, Adv. 73, 172 
Fasteners, Adv. 171 

bolts, nuts, screws, Adv. 64, 

146, 169, 175 

locking, Adv. 60 
Filters, Adv. 37, 38, 154 
Finishes (see also Coatings) 
Finishes, protective, Adv. 151 


Fittings, pipe, tube, and hose, 
38, 49, 76, 82 


Forgings, Adv. 5 
Frequency changers, Edit. 146 
Friction materials, Adv. 152, 172 


Function generators, Edit. 119 


Gages (see also Instruments), Adv. 


Gaskets, Adv. 61, 155 


Gears, Edit. 126, 168; Adv. 2, 9, 
69, 78, 154, 161 


Generators, Edit. 155 


Dy Adv. 172 


Heaters, Adv. 144, 150, 175 


Heat exchangers, Edit. 126 


_ 2 


Hose, metallic, Edit. 136; Adv. 35 
nonmetallic, Adv. 37, 38, 76, 


Hydraulic equipment (see s 


Instruments, Edit. 159; Adv. |! 


Insulators, Adv. 146 


Joints, duct, Adv. 49 


Lubricants, Edit. 126; Adv. 17 


Lubrication equipment, Adv 


Machines (see specific ty] 


Mechanisms, Edit. 134, 137, 166 


both available in libraries, generally 
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Meetings, Edit. 36 
Metals (see specific type) 
Moldings, Adv. 2 
Motors, electric: 
fractional and integral hp, Edit. 138, 
ty Adv. 1, 58, 72, 74, 81, 135, 167, 


gearmotors, Edit. 142 
subfractional hp, Edit. 153 

Motors, hydraulic, Edit. 153; Adv. 136 
pneumatic, Adv. 147 

Mountings, vibration and shock, Edit. 89 


Packings, Adv. 2, 65B, 163, 170 
Plastics, Edit. 154; Adv. 67, 172 


laminated, Edit. 115 
molded, Edit. 115 
Plastics molding, Adv. 65B, 67, 146, 15] 
Pneumatic equipment (see specific type) 

Powder metallurgy, Adv. 65B, 154 
Pulleys, Edit. 102; Adv. 144 
Pumps, hydraulic, Edit. 104, 125, 152, 
153, 156; Adv. 68, 130, 136, 150, 
153, 158 
pneumatic, Adv. 164 


Reducers, speed, Adv. 1, 54, 131, 144, 161 

Regulators, flow, Edit. 154; Adv. 37, 38 
pressure, Edit. 138; Adv. 27, 37, 38, 158 

Relays, Edit. 140, 150; Adv. 124, 132 

Research and development, Edit. 28, 126 

Resistors, Edit. 149 

Rubber, Edit. 144; Adv. 52, 55, 65B 


Seals, Edit. 125; Adv. 2, 7, 16, 55, 133, 
149, 170, 
mechanical, Adv. 16, 163 
Shapes, special, Adv. 154 
Shims, Adv. 159 
Small parts, Edit.. 115; Adv. 154 
Solenoids, Edit. 134, 148; Adv. 47, 124 
Springs, Adv. 75, 148, 170 
Starters, motor, Adv. 47 
Steel, Adv. 11, 79, 130, 145, back cover 
leaded, Adv. 11 
stainless, Adv. 11, 62 
Switches, Edit. 134, 144; Adv. 27, 31, 47, 
68, 138 
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Tape, Edit. 139; Adv. 65B 
Terminals, Edit. 134 
Thermostats, Edit. 89 
Timers, Edit. 150; Adv. 74, 129, 132, 174 
Tips and techniques, Edit. 98, 114 
Transformers, Edit. 137 
Transmissions, Edit. 136 

adjustable speed, Adv. 15, 144, 158 
Tubing, Edit. 137; Adv. 5, 65B, 76, 173, 

178, back cover 


Universal joints, Adv. 144 


Valves, hydraulic, Edit. 134, 142, 146, 
150; Adv. 166, 173, 174 
pneumatic, Edit. 139, 149; Adv. 32, 37, 
38, 174 


Voltmeters, Edit. 159 


Washers, Adv. 146 
Welding, Adv. 130 
Wire and wire products, Adv. 165 
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USE A YELLOW CARD 


for More Information... 


CIRCLE ITEM NUMBERS—Throughout the magazine, each advertise- 
ment carries an Item Number for use in requesting further information. 
All product descriptions, announcements and Helpful Literature items are 
also numbered, and for greater convenience are indexed below by Item 
Numbers. 


EDITORIAL CLIPSHEETS—So you won't have to “clip” this issue, 
we'll be glad to send a personal copy of any article as long as the 
supply lasts. Just fill in the page number and title of article in the 
place provided on the Yellow Card. 





Index to New Parts & Helpful Literature 


BY ITEM NUMBERS 





HELPFUL LITERATURE—<escriptions start on page 128 


ITEM 
NUMBER 


Air Cylinders ....... Friction & Fluid Drives 





Quick Coupling Assemblies 


Lubricating Equipment 
Tubular Products 

Vinyl Cladding Material 
Stainless Heat Exchangers 
Temperature Controls 
Precision Fasteners 
Beryllium-Copper Tubing 
Extruded Teflon 

Air Clamp Cylinders 

AC Generators 

Tubular Fabrications 
Heating Coils 

Mechanical Seals 
Electronic Voltmeters 
Ductile Iron 

Variable Speed Motor Drive 
V-Belt Drives 

Centrifugal Compressors 
Localized Plating 


Teflon Hose Assemblies .........+++++ 


Control Valves 
Cartridge Filters 
Electronic Tube Holders 
Hydraulic Components 
Air Control Valves 

Steel Sheets & Strip 
Coatings 

Electrical Connectors 
High Impact Plastics 
Cold Finished Bars 


Hydraulic Cylinders 
Servo Motors 

Rating Electron Tubes 
Cylinder Rod Wiper 
Selenium Rectifiers 
Timing Devices 
Insulating Laminates 
Electrical Connectors 
Temperature Regulators 


NEW PARTS & ENGINEERING EQUIPMENT —descriptions start on page 134 


Tefion Terminals 

Solenoid Valve 
Flange-Type Coupling 
Heavy-Duty Time Switch 
In-Line Mechanisms 
Automatic Transmission 
Flexible Metal Connectors 
Core-and-Coll Transformers 
Subminiature Servomechanism 
Epoxy Adhesive 

Capillary Tubing 

Pressure Control 

DC Control Motor 
Miniature Connectors 
Teflon Tape 

Stepper Motor 

Four-Way Valve 
Centrifugal Biowers 
{ndustrial Relays 


Directional-Control Valves 


Miniature Contactor ......seeeeeeees 


Diaphragm Fabric 
Check Valves 
Frequency Changers 
High-Speed Solenoid 
Pushbutton Enclosures 
Check Valve 
Wire-Wound Resistors 
Plastic Gate Valves 
Time-Delay Relay 
Adjustable-Speed Drives 
Centrifugal Pumps 
Miniature Motor 

Power Package 

S3pray-On Teflon 
Constant-Flow Regulator 
Motor-Generator 
Adjustable-Speed Drive . 
Fluid-Power Pumps 


Reproduction Paper 
DC Voltmeter 


Microfilm Mounting Device .......... 637 
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. Keale-\bim ...by Kaydon 


world’s thinnest radial ball bearing 


y= a typical example of Kaydon’s Reali-Slim unique 
radial ball bearing that’s finding wide application in 
practically every industry. Real-Slim are the world’s finest 
thin-section bearings and proportionately are thinner than 
a wedding ring. The bearing illustrated here is 12.000” I.D., 
12.500” O.D., .250” thick — weighs less than 8 ounces. De- 
signed for minimum weight and space limitations, it has a 
static load capacity of 5,520 lbs. and 894 Ibs. at 100 rpm. 

If you’re looking for Reali-Slim, lightweight, radial ball 
or roller bearings, look at Kaydon’s Reali-Slim line. Besides 
hundreds of standard Reali-Slim designs, there’s a wide 


we KAYUUN F 


MUSKEGONe+MICHIGAN 


All types of ball and roller bearings — 4” 


variety of special races, seals and separators to meet special 
bearing problems. What’s more Kaydon is able to produce 
these Reali-Slim, high-precision bearings because Kaydon 
specializes in the unusual. In addition, Kaydon bearing 
engineers are prepared to give you valuable help with tech- 
nical bearing application problems. 

For complete data on Reali-Slim bearings for standard or 
special applications, ask for engineering Catalog No.54RS-2. 
Reali-Slim Ball Bearings — in Conrad, angular con- 
tact, 4-point contact and other types are available in 
seven standard cross sections from .250” to 1” and in 
bore diameters from 4” to 40”. 

Reali-Slim Roller Bearings — in radial or taper roller 
types are available in cross sections from 4" and in 
bore diameters from 5” to 40”. 


RON ee ne COR er" 


bore to 178” outside diameter 


Taper Roller ¢ Roller Thrust ¢ Roller Radial ¢ Ball Radial ¢ Ball Thrust Bearings 
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Ski installed over single wheel permits In- 
flatoplane to operate over land or water. 
Collapsible craft can attain an altitude of 
10,000 ft, cruise for 6% hrs at 60 mph. 


Only 300 ft of runway is required. 


Airmat cross section 

Pneumatic structural material consists 
of two layers of rubberized fabric 
constrained, when inflated, by inter- 


woven drop threads. 


IN A SMALL HANGAR at the 
Goodyear Aircraft Corp., Akron, 
Ohio, assemblers are putting the 
final touches on ten strange-look- 
ing airplanes. The planes’ surfaces 
feel like rubber sponges, and the 
first-time visitor wonders what it’s 
like to fly a plane made of inflated 
sandwiches of rubberized fabric. 
But the Inflatoplane is far more 
than a spongy curiosity. It repre- 
sents the latest engineering applica- 
tion of Airmat, and follows 15 years 
of Goodyear development work on 
inflatable structural panels. 
Inflatoplane answers the military 
need for a collapsible airplane with 
conventional airfoils which can be 
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paradropped to a downed pilot, be- 
hind enemy lines, to be reassembled 
and in the air in 6 or 7 minutes. 


Design for inflation 


Basic building block of the In- 
flatoplane is Airmat, a pneumatic 
structural material. Flat Airmat 
panels have an impressive history 
of success as load-carrying members 
in collapsible structures. When in- 
flated, each panel consists of two 
sheets of multilayer fabric held a 
fixed distance apart by intercon- 
necting tie yarns. In the process 
of weaving, the continuous tie yarns 
are dropped from the face of one 


cloth to the other, looped over sev- 
eral of the fill threads, passed back 
to the first cloth, looped over sev- 
eral of its fill threads, etc. 
Afterwards, the cloth is coated on 
its outer sides with a rubberizing 
sealer and then covered with more 
cloth and sealer to form airtight 
surfaces. The inflatable section can 
be made from a number of dif- 
ferent materials, including nylon, 
Dacron, and cotton. Flat panels 
have been made as thick as 15 in. 
with no appreciable difficulty. 
Inflating these panels places the 
fabric walls in tension. When used 
as a structural member, the beam 
strength of any one section is de- 
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AIR 


packaged in inflatable sandwich panels, offers 
highest strength-to-weight ratios in shelters, 
boats, and planes 


Airy products 


Six Airmat products shown here include 


four-man 


Arctic shelter, two-section jet- 


maintenance shelter, arched beam for Quon- 


set-type 


shelter, ten-man boat, surfboard, 


and airfoil. 


termined by its limiting skin stress- 
es. How failure occurs is interesting. 

Because the entire surfacé of an 
inflated Airmat section is in tension, 
it is the antithesis of the prestressed 
concrete beam, where the entire 
surface is under initial compression. 
Consequently, the Airmat beam 
fails when compressive forces on 
the compression side of the mem- 
ber exceed. the tensile forces caused 
by internal pressure, resulting only 
in wrinkling or buckling without 
permanent damage to the structure. 

Besides making extensive use of 
the beam strength of plain sections 
of Airmat, Goodyear has developed 
a composite inflatable beam which 
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uses a section of Airmat as the com- 
pression member, an attached sec- 
tion of Airmat as a spacer, and a 
built-in, lightweight cable as the 
tension part of the beam. This 
combination beam, according to the 
company, affords the 
strength-to-weight 
beam known. 


greatest 
ratio of any 


How to weave an airfoil 


Newest developments in the 
weaving of Airmat permit the fab- 
rication of inflatable airfoil sections. 
This is done by varying the length 
of drop threads (tie yarns) between 
cloth layers. 


The biggest problem in the use 
of Airmat structures, points out 
George Skoda of Goodyear Tire & 
Rubber Co.’s Aviation 


Div., is maintaining uniform stress- 


Products 


rectangular configurations. 
radial 


es for 
Nonuniform 
shapes, which are the forms of least 
The same nonuniform 


stresses give 


resistance. 
stresses, however, can be used for 
contoured sections. Attainment of 
production of wing configurations 
for Inflatoplanes marks the first 
successful attempt to produce Air- 
mat that is contoured rather than 
flat. 

“We are still in development so 
sections are con- 


far as_ airfoil 
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Air to air 


cerned,” says Skoda. “We can now 
make conventional symmetrical air- 
foils such as NACA 0015, but are 
limited by present equipment to 48- 
Of course we can make 

structures. We are 


in. chords. 
multisection 
also approaching a tapered wing 
with a symmetrical airfoil, which 


corresponds to a conventional wing, 
and we are even considering mak- 


ing a delta wing from Airmat 


fabric.” 


On land and sea 


Inflated air sandwiches also find 
extensive use in boats, military 
shelters, as enclosures for the serv- 
icing of large jet engines, as work- 
ing platforms that distribute load, 
even as surfboards, To the military, 
the advantage of portability is ob- 
vious. 

Boats of Airmat material are a 
natural since they offer inherent 
buoyancy. Units recently delivered 
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Two-place Inflatoplane, with greater wing area and larger engine than one-place model, 


is shown paradropped, unpackaged, inflated, and in the air. 


to flight, is estimated at 6 minutes. 


to the Bureau of Ships each hold 
10 persons, are 16 ft long, 61 ft 
beam, and have built-in provisions 
for mounting a 35-hp outboard mo- 
tor. Their boat-within-a-boat con- 
struction employs two thicknesses of 
Airmat, each of which has a left and 
right-hand compartment. All four 
compartments are inflated with car- 
bon dioxide; bulkhead stiffeners are 
hand-inflated. In another design, 
an Airmat deck for a 15-men aban- 
don-ship boat, is an added safe- 
guard. If the boat is damaged, sur- 
vivors are left with the lifesaving 
Airmat deck. 

Shelters offer many opportunities 
for design ingenuity, and company 
engineers have proposed a variety 
of shelters for military purposes, in- 
cluding portable command, com- 
munication, and operational posts, 
as well as personnel structures. 

A four-man shelter for the Air 
Force can withstand heavy Arctic 


Entire time, from package 


ice and snow loads. Inflated at high 
pressures, the structure is rigid and 
the air-filled walls serve as insula- 
tion against heat, cold, and vibra- 
tion. Inside roominess permits the 
installation of four Airmat bunks. 

Maintenance shelter for the Air 
Force Air Materiel Command sim- 
plifies second-echelon maintenance 
on big bombers under adverse 
weather conditions. Built in two 
sections and mounted on mated dol- 
lies for maneuverability, the port- 
able shelter fits about the jet ped- 
estals under the bomber wings and 
completely encloses the suspended 
pod in a weatherproof structure. Ac- 
cess is gained through a 6 x 6-ft 
maintenance door in the forward 
end and a personnel door in the 
other. An opening at the top where 
the sections fit together admits the 
jet pod, and a drawstring arrange- 
ment secures the shelter tightly 
about the pedestal. 
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inflatoplane data 


Inflatoplane has a spongy feeling to it, 
but handles like any conventional light, 
fixed-wing aircraft. Air lost or valved in 
flight is replenished by engine-driven 
compressor. Initial inflation may be ac- 
complished by three methods: 1. Bottled 
compressed air. 2. Portable engine-driven 
compressor. 3. Hand pump of large dis- 
placement (15 min. estimated inflation 
time). Airmat must be evacuated before 
packaging, either by hand or powered 
vacuum pump. Intake manifold of car or 
vacuum sweeper may also be used. 
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General Plane (approx 207 Ib) 


Open or closed 
deflector 





ITEM ONE-PLACE TWO-PLACE 





Wing span, 22 28 
Wing area, 110 154 
Airfoil NACA 0015 NACA 0018 
Length, ft 19.7 19.2 
Engine, hp 42 65 
(Nelson (McCulloch 
Compressor, cfm 27 27 
Pesco Pesco 
Inflation 
pressure, psi 8 
Inflation time, min 
(package to 
airborne) 


Empty weight, Ib 
Personnel, ib 
Fuel, 24 gal, lb 
Gross weight, |b 
Endurance, hr 
Stall speed, mph 
Take-off speed, mph 
Cruise speed, mph 
Max speed, mph 
Take-off, ft 
(on sod) 
Clear 50-ft 
obstacle, ft 
Landing, ft 
(on sod) 
Rate of climb, fpm 
(sea level) 
Service ceiling, ft 





Engine-60 Ib 


Compressor 





Single-wheel gear 


Fuselage 








Collapsible platform of Airmat, to 
aid maintenance inside the fuel cell 
of a B-52 bomber, meets three de- 
sign requirements. When collapsed, 
the platform can be easily inserted 
through the limited-access opening 
in the cell. When inflated, the plat- 
form can support two men, allow- 
ing them to service the 8-ft high 
ceiling of the cell. Also, the bot- 
tom surface of the air-filled cushion 
distributes weight of the mainte- 
nance personnel over the entire 
platform area, thus reducing stress 
concentrations and eliminating pos- 
sible damagé to the deck of the 
fuel cell. 

Other products of Airmat also 
suggest interesting design possibili- 
ties. A rotor blade is being devel- 
oped for use on helicopters and con- 
vertiplanes under a contract with 
the Navy Bureau of Aeronautics. 
Inflated Airmat would increase 
fatigue life of the blade and afford 
good packaging and storage possi- 
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bilities. 


De-icing could be accom- 


lished either by an electrical con- 
ductor embedded in the rotor blade, 
or by varying the pressure inside 
the rotor blade. A surfboard of in- 
flatable material offers easy port- 
ability to the water’s edge—and fast 
getaway from it. A pneumatic jack 
of Airmat sections is a product in 
search of applications. 


Back in the air 


But by far the most intriguing of 
all Airmat structures is the Inflato- 
plane, of which Goodyear Aircraft 
has developed three versions to date. 
Present accomplishments lead to 
forecasts for the future. 

“Airmat structures are not limit- 
ed to low-speed aircraft,” says In- 
flatoplane project engineer, J. 
Thomas Blair. “We are now carry- 
ing on programs for the develop- 
ment of military aircraft in speed 
ranges which far exceed those asso- 


ciated with the current Inflato- 
plane.” 

“Cost figures indicate this air- 
craft, produced in quantity, can be 
sold at a lower price than any com- 
parable, light aircraft now on the 
market,” says Paul L. Schmitz, in 
charge of Goodyear Aircraft’s heav- 
ier-than-air projects, Weapons Sys- 
tems Div. 

He points to military applica- 
tions. Developed originally for the 
Office of Naval Research, the col- 
lapsible Inflatoplane was initially 
designed for the recovery of pilots 
downed behind enemy lines. Re- 
quirements called for a monoplane 
of minimum weight, simple to fly, 
and of minimum package size. At- 
tempting to rescue the pilot by heli- 
copter would mean exposing its 
crews to possibly heavy ground fire. 
The packaged Inflatoplane, how- 
ever, could be dropped from the 
wing rack or cargo hatch of a less 
vulnerable carrier. 

Goodyear embarked on the In- 
flatoplane program with its single- 
place GA-447, followed this with its 
two-place GA-466 for the Army, 
and is now completing requirements 
of an Army-Navy contract to de- 
liver ten GA-468s, refined versions 
of its first one-place model. 

The company’s engineers suggest 
diverse military applications for the 
high-winged craft. In aerial route 
reconnaisance, a convoy could carry 
its own packaged airplanes and 
send them aloft when needed to 
scout ahead of the party, as for ex- 
ample, when approaching bends in 
their route. Other possible uses in- 
clude stowage aboard a submarine 
and as a drone, to be sent aloft by 
a truck-mounted launcher. 

Commercial prospects are equal- 
ly bright. The one-place model, 
for example, can be fitted into the 
rear of a station wagon and used by 
sportsmen, who choose to fish from 
one lake to another. It would be 
suitable general 
work. The Inflatoplane, according 
to Schmitz, the 
that seriously restrict civilian avia- 
tion activities, including hangar 
fees, time spent traveling to the air- 
port, inevitable delays there 
Insurance, he points out, will be 
lower than for similar light planes 
because the Inflatoplane lands at 
low speeds, carries its own housing 


also for survey 


factors 


overcomes 


and 


and can, in an emergency, land on 
a 300-ft strip of fairly rough terrain. 


25 





ENGINEERING NEWS 


Army Ship Loads at Sea 


A 338-ft shallow-draft cargo vessel built for the Army is 
designed to take aboard tanks, trucks, trailers, and other 
vehicles at sea and land them on enemy beaches. Desig- 
nated BDL (Beach Discharge Lighter) and named Lt. Colonel 
John U. D. Page, the ship is 65 ft wide and can discharge 
cargo in depths as shallow as 4 ft. It has a seagoing dis- 
placement of 4126 tons, reduced to 2340 tons for landing 
operations, and is powered by two 110-hp diesel engines 
During vehicle transfer at sea, hydraulically-tensioned ca- 
bles hold the BDL in a stern-to-stern position with another 


ship. Vehicles are driven aboard over special stern ramps. 


Builder of the vessel 


Hydrogen Embrittlement 
Gets Closer Study 


Lab Wants Facts on 
Mysterious Metal Malady 


CLEVELAND—Although not as noto- 
rious as oxygen, hydrogen in its 
own subtle way is a destructive 
enemy of metal. To pinpoint the 
role of hydrogen in causing metals 
to crack is a major item in a re- 
search program under way at the 
Department of Metallurgical Engi- 
neering, Case School of Applied Sci- 
ence, Cleveland. Early findings have 

phenomena, un- 
facts. 

Hydrogen’s action on steel is a 
prime example of the baffling be- 
havior that led to the present study. 
Hydrogen may be found in solid 
solution, or in voids on the lattice 
structure in steel. It is sometimes 
the result of the decomposition of 
water in the steelmaking process, or 
may be introduced by caustic or 
acid cleaning, welding, plating, 
or heat treatment. Very small 


explained old 
covered new 
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National Steel and Shipbuilding Inc 


amounts of hydrogen can be dele- 
terious. 

For example, high-strength steels 
can be designed to withstand 
stresses of 225,000 psi or more. Yet 
when exposed to much smaller 
loads, cadmium-plated specimens 
are often liable to mysterious fail- 
ures. In retest, however, the frac- 
tured parts show their original high 
strength. Hydrogen trapped by the 
cadmium plate is the culprit. Case 
metallurgists have worked out a 
solution to this problem: A thin 
cadmium plate is applied, after 
which the part is baked to drive out 
residual hydrogen, and plating is 
resumed up to any wanted level. 

“Flaking” (development of small 
cracks in large steel sections leading 
to internal failures), the occasional! 
splitting of plates on ships in Arctic 
waters, and the fracture of cadmi- 
um-plated landing gear on planes 
standing idle on the field, have all 
been traced to hydrogen embrittle- 
ment. Hydrogen also attacks such 
nonferrous metals as titanium, caus- 
ing failure of commercial titanium 
alloys now in use. 
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It’s not heat or humidity, but wind- 
chill that causes most Army casualties 
due to weather. Accordingly, human 
factors specialists in the Army's Sur- 
geon General Office recently published 
a wind-chill table containing data per- 
tinent to the design of cold-weather 
clothing and equipment. As the chart 
shows, wind has a drastic effect on 
temperature, relative to human com- 
fort. For example, if temperature is 
36 F and wind velocity is 25 mph, the 
effect on exposed flesh is equivalent to 
38 F with no wind. 
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‘CONTROL 


Cutler-Hammer Inc., Milwaukee, Wis. Division: Airborne Instruments Laboratory. foreign: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; 


Intercontinental Electronics Corporation, Inc 





CUTLER-HAMMER MOTOR 
DISCONNECT SWITCH SIMPLIFIES 
PANEL ASSEMBLY 


Panelbuilders using the Cutler-Hammer 
10904 Motor Disconnect Switch report 
it provides important savings in time 
and effort in the assembly of their con- 
trol panels. The complete unit consists 


%” radial adjustment of the cover mounted mech- 
anism assures correct alignment with panel 
mounted disconnect switch. 


of a contactor type disconnect switch 
mechanism, adjustable operating shaft, 
cover interlock, and external operating 
mechanism. The switch mechanism uses 
the same basic structure of the famous 
Cutler-Hammer Three-Star Contactor, 
and is easily panel mounted and wired. 
To mount the external operating handle 
mechanism, five holes are drilled in the 
cover following template directions pro- 
vided with each unit. Exact alignment 
of these mounting holes with respect to 
the switch mechanism isn’t critical. 
Compensation for misalignment is pro- 
vided through the operating handle 
mechanism’s 7/16” radial adjustment. 
The Cutler-Hammer 10904 Motor Dis- 
connect Switch can be used in any en- 
closure where the panel-to-cover depth 
is between 5%” and 20%”. External 
operating mechanisms are also avail- 
able for type F, G, J, K, KL, and L 
circuit breakers. For further informa- 
tion write for Bulletin 10904- X243. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 
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CONTROL PANEL CORPORATION SUPPLIES 
HYDRAULIC PRESSURE GENERATOR CONTROL 


One of thirty hydraulic pressure contro! units supplied by the 
Control Panel Corporation equipped with Cutler-Hammer Components. 


During the past five months the Con- 
trol Panel Corporation of Chicago, Illi- 
nois, has supplied a large number of 
these compact, NEMA 12 enclosed 
hydraulic pressure generator control 
units. The control units are used in con- 
junction with high speed riveting on a 
mass production assembly line. Typical 
of the control equipment used on 
high volume production machinery, 


every effort was made in the choice of 
the components to insure dependable, 
trouble-free operation. 

Mr. H. A. Hart, President of the Con- 
trol Panel Corporation, 
has been our experience the proper per- 
formance of any machine powered by 
electric motors depends directly upon 
the control equipment used . . . no ma- 
chine can be more dependable than the 


reports: “It 








PANEL BUILDERS HANDBOOK SIMPLIFIES 
SELECTION OF ELECTRICAL COMPONENTS 


This handy 70 page reference guide is 
specifically edited to assist design engi- 
neers and control panelbuilders in the 
selection of electrical control compo- 
nents and control accessories. Every 
effort was made to make this book as 
concise as possible, and yet it includes 
such vital information as wiring dia- 
grams, dimension drawings, ratings, 
ordering information, and a maintained 
price list. Address your request for your 
personal copy of Bul. EE120- X243 
on your company letterhead. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 
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Mr. H. A. Hart 


control which directs and protects it. 
This is why we and many of our cus- 
tomers consider a component’s record 
of performance an important factor 
when selecting the components to be 





| used in the controls we supply.”’ 





Portaburner is one of many portable, 
plug-in gas appliances used in Whirlpool’s 
new gas kitchen. Burner is a disc of por- 
ous silicon carbide which heats to incan- 
descence. Pyroceram feet hold cooking 
utensil at the proper distance from the 
burner. One of two outlets shown is for 
gas, the other for electricity which is used 
for ignition in place of a pilot light. 


Space-age materials 


and a hot new burner 


are design keynotes 


in an idea kitchen featuring 


Hot water is produced at high effi- 
ciency by the new power burner. Since 
water is heated almost instantaneous- 
ly, no tank is needed. 
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What does the other kind of ap- 
pliance have that the gas appliance 
lacks? Starting from this point, en- 
gineers at Whirlpool Corp. and in- 
dustrial designers at Sundberg- 
Ferar Inc. pooled ideas to come up 
with the prototype of a new gas 
kitchen. Complete with Pyroceram 
heating surfaces and silicon-carbide 
burners, the futuristic appliances 
are a startling departure from the 
old stationary gas stove—all units, 
small and large, are plugged into 
gas outlets in the walls and floor 
when needed. 

Appliances in the new kitchen 
are designed around Whirlpool’s 
“power-burner” concept. Fuel and 
air are premixed in proper propor- 
tions and burned in porous silicon- 
carbide burners. The burner heats 
to incandescence with little or no 
flame on its surface, and since no 
secondary air is needed, combustion 


can take place in a covered space. 
Efficiency of the power burner is 
claimed to be more than double 
that of conventional gas burners— 
83 per cent vs. about 40 per cent. 
All burners are self-energizing—by 
electricity—which eliminates the 
conventional pilot light. 

Portability isn’t the sole feature 
of the new gas kitchen. Engineers 
and industrial designers added 
many refinements to each kitchen 
unit as they went along. A _ push- 
button sink permits the housewife 
to select water at several preset tem- 
peratures, and the faucet retracts 
flush with the sink when not in 
use. A mobile, self-propelled serva- 
cart contains dishwasher, toaster, 
and food - warming compartments, 
and wall shelves move up and 
down on tracks. 

As a finishing touch, designers of 
the new kitchen are busily work- 
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Pyroceram plug-in 
utensils are virtually 
indestructible, wipe 
clean with a damp 
cloth. Plug-in utensils 
similar to these units, 
but not gas-fired, are 
on the market now. 


GAS APPLIANCES 


ing on a compact, gas-powered gen- 
erator that will supply small quan- 
tities of electricity—just enough 
power to energize the various ap- 


Burners are hidden under a thin sheet of Pyroceram, per- 
mitting this countertop range to double as a grille. Devel- 
oped originally for missiles, Pyroceram is well-suited for 
kitchen applications—it can withstand 3500-F temperatures 
is extremely durable, and exceptionally easy to keep clean 
Rotisserie, left, is swivel mounted and has an exposed 
silicon-carbide burner that produces infrared heat. 
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pliances and make the kitchen com- 
pletely gas dependent. 

Not all of the appliances will be 
available in the immediate future, 


but Whirlpool says it will produce 
a gas stove early next year that in- 
corporates the silicon-carbide burn- 
er and Pyroceram heating surfaces. 


High-efficiency of the power-burner has prompted Whirl 
pool engineers to predict a complete ‘gas center he 
in a kitchen cabinet heat 

the entire house, purify the air, and prov 

for the kitchen's several food-preservation 


The one unit would 


mate aim is to include a gas-powered gener 


-_ 


electricity used in energizing various gas app 
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More on Thermoelectricity: Efficiency’s Up 


Ten watts of electric power are produced directly from heat 
without mechanical conversion of any kind in this experi- 
mental thermoelectric generator that has powered a public 


address system 


nt; researchers aim for an eventual 30 per cent efficien- 

Practical applications for the thermoelectric process 
include direct con- 
installations 


ch works best around 2000 F, will 


version of atomic energy and, in moon 


energy. Developer is 


Gamma Rays Weigh 
Speeding Box Cars 


Atomic Source Furnishes 
Instantaneous Reading 


CLEVELAND—Scanning a loaded box 
car moving at 30 mph, New York 
Central’s experimental atomic 
weight recorder shows the weight of 
car contents within +1.0 per cent. 
Developers aim for +0.2 per cent, 
which is accurate enough for billing 
purposes. 

Radiation for the prototype scan- 
ner comes from a small cobalt-60 
source contained in a lead box be- 
tween the rails. Although strong 
enough to penetrate a freight car’s 
maximum allowable load, rays do 
not affect sensitive shipments like 
photographic film, nor are they 
harmful to humans, say railroad 
spokesmen. Just to be on the safe 
side, the cobalt source is automati- 
cally shielded unless a freight car 
passes over it at a speed faster than 
5 mph. 


30 


Efficiency of this model 


Westinghouse Electric Corp 


is about 10 per 


level 
pectancy. 
lator Co 


solar 


Experimental 


be accurate to within 1.0 per cent. 


In actual practice, the source 
spans the width of the rails under 
the car, giving an evenly distributed 
field of gamma rays across the 
tracks. Over the car, an extended 
detector will record the radiation 
that passed through the car and ac- 


false alarms are unlikely. 
dom radiation and maintains a fairly consistent operating 
Developers claim it has a nearly unlimited life ,ex- 
Manufacturer is the Minneapolis-Honeywell Regu- 
Minneapolis. 


box-car weight computer interprets variation in 
cobalt-60 source (box between rails) as weight of car passing over it. 
a direct function of radiation absorbed by the load. 


Detector ignores False Alarms 


Explosive vapors, fire, or smoke can be detected individual- 
ly or simultaneously by an ultraviolet-sensitive tube about 
the size of a man’s finger. 
designed to ignore ultraviolet light from other sources, so 


The highly selective tube is 


It is relatively unaffected by ran- 


radiation from 
Weight is 
The unit shown is said to 


tuate a computer which will trans- 
late the absorbed radiation into car 
weight. 

Costing about one-fourth the 
price of conventional electronic 
scales, the new device permits weigh- 
ing without uncoupling. When used 
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ty MICRO SWITCH Precision Switches 


Five switches of special interest 


to Electronic Engineers 
Three of them are aul oa ype 


NEW ! 


ultra-small seis 
super-sensitive 
mercury switch AS603A7 


This new switch, designed for vertical gyros, stable 
platforms, missiles and rockets, is the most precise 
mercury switch available. Differential angle —.150° 
max. Mass shift—.085 gm. cm. SPDT. It operates 
reliably at temperatures as low as —65° F. Hermeti- 
cally sealed contacts. Switch is unaffected by water 
vapor, dust, dirt, fungus and corrosive fumes. It is 
rated at .225 amps., 30 vac, 400 cps resistive load. 
Weight—3.5 grams (including leads). Ask for data 
sheet No. 153. 











“SX” series 
sub-subminiature 
switches 


These all-new switches combine 
extremely small size with “regular size’’ electrical 
capacity and excellent reliability. They present a new 
set of possibilities to the designer of compact devices. 
5 amps. 250 vac, 30 vdc. Two mounting holes accept 
No. 2 screws. Weight—-1/28 oz. Ask for data sheet 
No. 148. 


oo 


o 
|-500 





Subminiature 
door interlock 
switch 7AC1-T 


Cuts off power in equip- 
ment cabinets when 
service door is opened. 
Manually pulling the rod 
actuator to maintained 
contact position closes 
circuit for checking. 
When door is next closed, switch returns to normal 
... re-sets itself to safety position. Ask for data sheet 
No. 108. 








“1PB600” series 
“One Shot” switches 


These new switch assemblies 
produce a one-and-only-one 
pulse output. Miniature 
package includes push- 
button switch and potted 
one-shot circuit. Eliminates ———§ BS 
need for designing special 
pulse input circuits for high M— p05 
speed electronic devices. 
The square wave pulse 
width is factory adjustable from .5 to 2.5 micro sec- 
onds, and the amplitude from 3 
to 60 volts. Both width and 
amplitude are independent of 
speed of operation of switch. Ask 
for data sheet No. 150. 








PULSE WAVE 


‘| 





“SE” series environment-free 
subminiature switches 


““SE”’ Series switches are the 
smallest and lightest environ- 
ment-free switches available. 
Construction is completely 
sealed. Operate reliably from 
—65° to +350°F. Pin plunger 
actuation. Choice of contact 
arrangements. Rating 5amps. 
125 or 250 vac. 28 vde—15 
amps. inrush; 4 amps. resis- 
tive; 3 amps. inductive. 
Weight—.24 oz. (without 
leads). Ask for Catalog 77. 


Engineering assistance in switch applications is avail- 
able from the MICRO SWITCH branch office near you. Con- 
sult the yellow pages of your telephone book. 


MICRO SWITCH... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Ltd., Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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with suitable computers at strategic 
locations, it can summarize a train’s 
tonnage quickly and accurately, thus 
affording close control of weight to 
traction-power ratio. 

The development is a product of 
the new research laboratory opened 
by New York Central Railroads in 
Cleveland. 


Mounting panel “Ny 








why CARTER CYLINDERS ive you 


longer life, simplified maintenance, 
40% savings in space and— 


IMMEDIATE DELIVERY TOO! 


CHECK THESE The Carter line is engineered T R | 
, / rret Rot 
DESIGNERS’ to give you the best cylinder! ¥ states, Reveats Lamps 
Strong, modern construction! A rotatable lamp turret, holding lamps 
FEATURES: No tie rods or bolts—a strong, ina panel-mounted ‘word’ indicator, 
simple key lock between head ne weer a - burned-out 
Full 1 to 1 Meehanite and wall lets you orient pipe Se ee ae shone 
reac eR 9 rte a full 360°. C ad capsules are molded high-temperature 
a 9 9 pe ¢ VOMRPACs Siss nylon. Individual turret units can be 
for easy replacement. gives you more space and fiexi- | stacked either vertically (below) or 
bility in design. horizontally. Called Roto-Tellite, the 
Key type stainless steel indicator is a product of Master Spe- 
locking ring; Strength cialties Co., Los Angeles. 
plus 360° orientation COMPLETE 
of pipe ports. a oy -We-vaele; 
FILE 
Leakproof service. é Complete designers’ file 


gives specifications Tar | 














details on all models 


Precision honed heavy Us Send today! 
wall tubing—6 to 1 
safety factor. 


4 


Self adjusting packing; 
Low friction breakout! a 


e 


PHONE: BAyport 1-7186 (Chicago) oe 
ZA 


CARTE CONTROLS INCORPORATED 
2914 Bernice Road ¢ Lansing, Illinois (Chicago Suburb) 
AIR CYLINDERS © AIR VALVES © HYDRAULIC CYLINDERS 


ROTARY ACTUATORS © SPECIAL CONTROLS 
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Vanadium Milestone 


A big step in development of low- 
carbon ferrochrome alloys was chalked 
up recently with production of an 89- 
lb, high-purity vanadium ingot. The 
melt was accomplished by General 
Electric's Industrial Heating Dept. for 
Vanadium Corp., and is said to be 
the largest vanadium ingot ever pro- 
duced. Rolled, drawn, and extruded 
products of the ductile metal are find- 
ing new uses in aircraft, missiles, nu- 
clear reactors, and electronics equip- 
ment. 


Aluminum Foil Replaces Wire 
In Big Power Transformer 


A 20,000-kva power transformer 
being built by General Electric will 
have aluminum foil windings and 
aluminum core clamps, tank, and 
cooling radiators. The transformer 
is believed to be the largest ever 
built with all electrical and struc- 
tural parts made of aluminum. The 
unit will be used in a substation 
at Aluminum Co. of America’s Mas- 
sena, N. Y. Works where it will 
step down 115,000-v power to 13,- 
800 and 6900 v. 

Use of aluminum foil instead of 
copper wire for windings gives 
better transient-voltage character- 
istics, reduced space factor, and 
lower heat loss, according to GE 
engineers. These, rather than weight 
reduction, are the chief advantages, 
although aluminum in tank and 
structural parts reduces over-all 
weight. 
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M-D 3-LOBE BLOWERS 


HELP PUT B-58 


IN THE AIR «@& 


(TALL 
a — 
it cit 


Hussman Air Conditioners 
Incorporate M-D Blowers 
for Dependable Performance 


Utilizing low-cost, light-weight M-D 
3-Lobe Rotary Positive Blowers spe- 
cifically designed for ground support 
equipment, Hussman Aircraft Div., 
St. Louis, build mobile air condi- 
tioners for Convair’s new B-58 
Delta-wing bomber. Hussman’s 
MA3 unit furnishes 1004/min. of 
45° air at 314 psig thru an 8” flexible 
duct for cooling the complex in- 
strumentation and guidance systems 
on the B-58. 

M-D’s new model M100, smaller, 
lighter, lower in cost than any other 


M-D BLOWERS, INC. « 


100 FOURTH STREET «+ 


RZ 
“mez 


ea == 


wed ial 


Se 


By: 3 


ss 


blower, can deliver a minimum of 
100#/min. (1333 scfm) up to 8 psig, 
and meets all government-specified 
altitude and temperature conditions. 
The M-100 is ordinarily run at 3450 
rpm with either electric or gas en- 
gine drive. 

You can rely on the M-D Blowers 
for dependable performance 
years of experience assure high qual- 
ity 3-Lobe Rotary Positive Blowers 
for—Jet Starters, Cabin Leakage 
Testers, Air Conditioning Units. 


RACINE, WIS. * MElrose 4-5521 


A Subsidiary of Miehle-Goss-Dexter, Incorporated 
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HARD 


SMOOTH 
AND 


ACCURATE 


.@ 
e. 


ae ‘ a 


BALLS 
OF 


TUNGSTEN 


CARBIDE 


ITI tungsten carbide balls offer 
the greatest obtainable resist- 
ance to wear, abrasion and 
deformation. They retain these 
advantages in many corrosive 
environments, Other qualities 
include — 


EXTREME HARDNESS: 89-91 Rockwell A. 
EXTRA-SMOOTH FINISH: 1 microinch 
r.m.s. or better. 


HIGH PRECISION: + .0001” on size and 
.000020” sphericity are standard. Fur- 
nished to 000010” on size and sphericity 
if desired. 


These balls are available in 
ALL SIZES, standard and special, 
from .005” to 5”. Sizes from 4,” 
to 1” are in stock. 


White for quotation 


and specifications. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECIS 


3676 Jackson Road, Ann Arbor, Michigan 


ON BALLS AND BEARINGS 
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Earthbound Space Platform 


Simulation of a stationary space plat- 
form is the job of this rotary table used 
to calibrate and test navigational gyro- 
scopes. The table makes one revolu- 
tion in 23 hr, 56 min, and 4.09 sec— 
the sidereal day. It rotates at a angle 
correlated to a selected star's path, 
and opposite to earth's rotation. A 
special rim mounted on the table face 
has lugs spaced 5 deg apart. As the 
table rotates, a sensing head picks up 
the magnetic center of each lug and 
passes an output signal to the cali- 
brating equipment. Plus and minus 
tolerances for various degree points— 
from 15 to 25,000 deg per sidereal 
hr—are held to a fraction of 1 per 
cent. Pratt & Whitney designed and 
built the machine. 


Army Messages, 6 ft per min 


Capable of printing 3000 words per 
min—a 1-min message, 6-ft long, 
is shown here—the Army's new tele- 
typewriter will join the world’s fastest 
known military teletype network. Oper- 
ating at just 750 words per min to 
meet Army Signal Corps requirements, 
the new machine uses no ordinary 
keys. Letters are shot at the paper 
electronically by a bank of electrode 
guns. Each gun aims at a correspond- 
ing spot on the paper and can fire any 
number or letter. After the volley of 
letters, each line of type passes rapid- 
ly over powdered ink and a heated 
roller and appears an instant later as 
clear, readable text. Developed by 
Army Signal R & D Lab. and Burroughs 
Corp., the machine operates from 
code tape or can be plugged into long- 
distance radio or telephone circuits. It's 
also used as a computer readout. 


Battles Raging Every Day On Navy Warfare Simulator 


Huge Electronic Installation 
Cuts War-Game Cost 


Combat command decisions con- 
trolling the fate of huge Naval task 
forces are made with a high degree 
of realism on the Navy’s new Elec- 
tronic Warfare Simulator. The 
complex electronic __ installation, 
called NEWS, is housed in a block- 
long, three-story-high building at 
the War College in Newport, R. I. 
NEWS not only serves as an ex- 
cellent training facility for Naval 
officers, but provides a much need- 


ed tool to explore and evaluate the 
effectiveness of new tactics and con- 
cepts in naval warfare. It also re- 
duces the need for mock fleet ex- 
ercises, and the tremendous ex- 
pense associated with real fleet 
maneuvers. 

The physical plant of NEWS 
consists of equipment rooms, con- 
trol rooms, an umpire area, and a 
series of command centers. 

Umpires are located in an audi- 
torium physically separated from 
the command centers. Each is an 
officer with wide professional ex- 
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APPLICATION HINTS: 





Ways to simplify construction and cut costs 


Flexpipe helps meet tough piping problem 
in air conditioning an existing building 


THE PROBLEM: Air conditioning an exist- 
ing office building usually calls for a bit 
of ingenuity in design. One large New 
York office building decided to air condi- 
tion by making provision for packaged, 
water-cooled units to be installed on any 
floor as tenants required. 

This called for four 10-inch risers, run- 
ning the height of the building, to carry 
cooling water between the cooling tower 
and the branch pipes at each floor level. 
Because of structural conditions, the risers 
could not be run down through the base- 
ments and supported from below. The 
combined weight of pipes and the water 
was so great that they could not be an- 
chored at any one point on the structure. 

So the consulting engineers, Zimmer- 
mann Engineering, New York, floated the 
risers on spring hangers, distributing the 


FLEXPIPE’S flexible core can be either tin 
bronze, hot dipped galvanized steel or stain- 
less steel. End fittings (attached): flanges, 
threaded males and welding nipples. 


weight evenly over all floors. This meant, 
however, that the risers were free to 
move. A riser full of water weighs several 
tons more than an empty one and settles 
about two inches 

Therefore connections between risers 
and branch pipes had to be flexible. They 
also had to have strength, because water 
pressure at the lower floors approaches 
400 psi. 
THE SOLUTION: Flexpipe connectors were 
the answer. They provided the flexibility 
and the strength required. Furthermore, 
they were available in the sizes needed 
—from 5” diameter at the lower floors to 2” 
at the top floors. 
WHERE TO BUY: Flexpipe connectors come 
in convenient standard sizes and are sold 
by leading distributors. They can show 
you samples and answer questions about 
service applications. For the name and 
address of the one serving your area, or 
for more detailed information, write to: 
The American Brass Company, American 
Metal Hose Division, Waterbury 20, 
Conn. In Canada: Anaconda American 
Brass Limited, New Toronto, Ont. 


UPPER 
FLOORS 


LOWER 
FLOORS 


10” RISERS 


( ooling- 


SCHEMATIC DIAGRAM showing how 
water risers were installed. A: spring hang 
ers. B: pipe clamps. ¢ Flexpipes. D: branch 
pipes at each floor. 1, 2, 3, and 4: risers, 
10 inches in diameter. [ pper left: Photo 


of Flexpipe installation at a lower floor 


an ANACONDA‘ product 


made by The American Metal Hose Division 
of The American Brass Company 
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Biack Boxes, 
Dry Powder, and 
Missile Making 


It takes a lot of black boxes plus a good 
bit of dry powder to launch an occasional 
missile down at Cape Canaveral. Some of 
the black boxes contain Spectrol precision 
mechanisms, inline or otherwise, designed 
to control critical flight functions. 


You may be interested in one of these units 
that we recently delivered to the missile 
people which has a number of industrial 
control applications outside this rather 
esoteric field. Known as a Function Pro- 
grammer, this particular 3 x 4 x 5 inch 
package is used for the flight control of 
guided missiles. Inside the Spectro! black 
box is a precision mechanism consisting es- 
sentially of a permanent magnet dc motor 
which drives a Spectrol precision potenti- 
ometer and six rotary switches of special 
design developed by Spectrol. These units 
are interconnected by an appropriate gear 
train. In operation, the precise opening and 
closing of the rotary switches and the ro- 
tation of the Spectrol precision potentiom- 
eter control the flight altitude of the missile 
with respect to time. 


As you can well imagine, devices of this | 
type must be built to operate within pre- | 
cise specifications under severe environ- | 


mental conditions. In addition to the usual 


MIL specs, this unit was built to withstand | 
a 2000 cps vibration at 10 G's and a shock | 


of 50 G's. The Spectrol precision mechan- 


ism not only operates after experiencing | 
these conditions, but during them. Overall | 


program timing accuracy is 3 percent. 


Other applications for this little Spectrol | 


package include checking a number func- 
tions sequentially in ground support equip- 
ment, programming machine tools, and 
controlling the order of operation in chem- 
ical and processing plants. 


To accommodate the numerous count- 
downs involved in missile testing, this 
Spectrol precision mechanism runs twice 


as fast in the “reset” position as the “pro- | 


gram” position. 
More information, including a helpful 8 


page booklet, on this and other Spectrol | 


precision mechanisms designed for use as 
functional sub-assemblies is yours for the 
asking. Simply call your nearest Spectrol 
sales engineering representative or address 
Department 5711. 


4 


ELECTRONICS CORPORATION | 
Sales engineering representatives in principal cities. | 


1704 S. DEL MAR AVE., SAN GABRIEL, CALIFORNIA 
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perience in the type of operation he 
umpires. 

Images of each simulated force 
are portrayed on a 15-ft master- 
plot screen. NEWS provides ex- 
tensive communications systems, as 
well as force radar presentations. It 
indicates course, speed, and in the 
case of aircraft or missiles, altitude 
of the various elements. 

Commanders, their staffs, and in- 
dividual unit officers are located in 
the various command centers where 
they can observe and evaluate the 
battle as it develops. Commanders 
exercise control of forces and test 
the soundness of plans exactly as 
they would under combat con- 
ditions. 

Rapid calculation of the results 
of all interactions enables the battle 
to progress at any rate of speed. 
The action can also be held up at 
any point to permit detailed analy- 
sis of impending victory or defeat. 


Meetings 


AND EXPOSITIONS 


Fifth National Symposium on Re- 
liability and Quality Control in 
Electronics to be held at the Belle- 
vue-Stratford Hotel, Philadelphia. 
Sponsors are American Institute of 
Electrical Engineers, American So- 
ciety for Quality Control, Electronic 
Industries Association, and Institute 
of Radio Engineers. Additional in- 
formation can be obtained from 
E. K. Morse, Aeronautical Radio 
Inc., 1700 K St. N.W., Washing- 
ton, D. C. 


Jan. 21-23— 

Southwest Electronic Exhibit to 
be held at the Arizona State Fair- 
grounds, Phoenix, Ariz. Further in- 
formation is available from exhibit 
headquarters, 4353 West Missouri, 
Glendale, Ariz. 


Jan. 26-27— 

American Society of Lubrication 
Engineers. First Annual Gear Sym- 
posium to be held at the Morrison 
Hotel, Chicago. Further informa- 
tion can be obtained from ASLE 


headquarters, 84 E. Randolph St., 
Chicago 1, Ill. 


Jan. 26-29— 

Fourteenth International Heating 
& Air Conditioning Exposition to 
be held at Convention Hall, Phila- 
delphia, under the auspices of the 
American Society of Heating and 
Air-Conditioning Engineers. The 
society’s 64th annual meeting will 
be held concurrently. Further in- 
formation can be obtained from 
exposition headquarters, 480 Lexing- 
ton Ave., New York 17, N. Y. 


Jan. 26-29— 

Institute of the Aeronautical Sci- 
ences. Annual Meeting to be held 
at the Sheraton-Astor Hotel, New 
York. Further information is avail- 
able from IAS headquarters, 2 E. 
64th St., New York 21, N. Y. 


Jan. 26-29— 

Plant Maintenance and Engi- 
neering Show to be held at Public 
Auditorium, Cleveland. Additional 
information can be obtained from 
Clapp & Poliak Inc., 341 Madison 
Ave., New York 17, N. Y. 


Feb. 3-5— 

Society of the Plastics Industry 
Inc. Fourteenth Reinforced Plastics 
Conference to be held at the Edge- 
water Beach Hotel, Chicago. Ad- 
ditional information is available 
from SPI headquarters, 250 Park 
Ave., New York 17, N. Y. 





“The boss wants to see his draw- 
ing, and he doesn’t want to have 
to square it up again.” 
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rARKARER-HAN NI FEN FLUISD-SYS TE M COMPONENTS 


Only HANNIFIN 


makes all these Anywhere you use compressed air to do work, 


Hannifin can help you. Hannifin cylinders for the 


AIR POWER “muscles”. . . Hannifin air valves for any type of 
COM P ONENTS actuation, hand, foot, cam, solenoid, or pressure 


the Hannifin “Crown” Line of filters, regulators, 


and lubricators for lasting air power efficiency . . . all 


are built by Hannifin to just one standard, the best 


Turn to Hannifin, too, for expert help in applying air 
power components. A Hannifin field engineer is 
as close to you as your telephone, wherever you are 
Write us for his address—or, he’s listed in the 


alphabetical section of Thomas Register. It’s that easy 


HANNIFIN COMPANY 


505 South Wolf Road « Des Plaines, Illinois 


A DIVISION OF PARKER-HANWN I i N CORPORATION 





A 


D 


FLUID-SYSTEM COMPONENTS 


Only from Ps rker 


such a wide range of fittings...so fast 


If it’s an industrial fitting, whether for tubing or for hose, Parker has it or 
can make it, in standard sizes in any metal. 
Parker “Triple-lok” for flared tubing . . . Parker “Ferulok”® for 
heavy-wall tubing . . . Parker “Weld-lok” for high-temperature, 
high pressure lines. (“Braze-lok”, our newest line, does not require an open 
torch, is for medium temperatures.) “Intru-lok”, for copper, aluminum 
or plastic instrumentation lines, requires no flaring. Parker hose and 
‘“Hoze-lok” re-usable hose fittings require no skiving of the hose. 
There’s a Parker distributor near you, write us for his name .. . 
call him for Parker catalogs. 


Parker Fittings and Hose Division 
‘ 


7325 Euclid Avenue e Cleveland 12, Ohio 


iVEiStown OF PA RARER-HANNIF I 
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CORPORATION 
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to end miles of files 


Now... put your engineering drawings on unitized microfilm at new low cost, 


without capital investment. Tired of groping 
through crowded, bulky engineering drawing files? You need 
to no longer! The new Microline® Service Center program 
helps you streamline your files by converting them to a 
Microline card file system. 

With a Microline card file system, all your drawings will be 
right at your finger tips. You save space, too! Up to 95% of 
your filing and storage space can be put to more productive use. 

And you can gain all these advantages without investing 
capital! Your local Microline Service Center handles all 
filming, processing, unitizing, indexing ...can make micro- 
film duplicates or enlargement prints for pennies. Your 
Service Center will lease you microfilm readers, too, if you 
wish. Every Service Center is staffed by experts trained to 


—microline 
oS 


Microline Products, Ozalid Division of General Aniline & Film Corp. 
Microline in Canada, The Hughes-Owens Company, Limited, Montreal. 
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help you set up the unitized card file system best suited to 
your needs. 

Your expense is low. There’s no need to train new personnel 
or provide extra space for darkroom or equipment. Changes 
in your business can be accommodated easily. And all work 
is done locally, to save you time. 

Small firms can enjoy the benefits of a microfilm drawing- 
control system for the first time. Large companies can ex- 
periment without large cash outlays. 

So, get your print files in hand! Mail the coupon below . 
today! You'll get the full Microline Service Center Story, the 
name and address of your local center ...and a dramatic 
demonstration offer at no cost or obligation 


MICROLINE PRODUCTS 
OZALID, DEPT. S-11-27 
JOHNSON CITY, N.Y 


Please send me the name and location of my local Microline 
Service Center. Also, the booklet giving the complete Microline 
story and containing a free demonstration offer. 

Name 

Firm 

Position 

Address 


 —— 
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for your product 


SAVE SPACE—SAVE WEIGHT... OFFER POSITIVE BACKLASH CONTROL 


Spiroid Gears extend the horizon of power transmission and gear size. You get 
mechanical frontiers, offer new product more power from less space, more profit 


design apportuntiaes for increased _per- from your product. Spiroid Gears can be 
formance standards. Com- 


nore nesetieely aussllec, biomass produced in standard gear materials in 
Put i and more efficient, Spiroid any size and in ratios from 9:1 to 300:1. —g.;,¢:4@ Hobs for 


4 A ° ° producing Spiroid Gears 
Gears provide an entirely They are cut on conventional equipment, Fr rw tle only from 
new relationship between or can be molded, die-cast or sintered. 


Illinois Tool Works. 
" Write for informative Spiroid booklet, ‘More Power, Less Space.” ae 


SPIROID DIVISION OF ILLINOIS TOOL WORKS 
2501 N. Keeler Avenue, Chicago 339, lilinois 
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D-J casts, finish machines, plates and assembles door 

hardware for a Mid-West merchandiser. Eleven zinc 
parts are die cast... then tapped, reamed, faced and plated. 
Other parts are drawn and stamped as needed. Springs, lock 
washers, screws, locks and keys are purchased. Finally, D-J 
assembles and packages the units. 


3 pages of proof 


D-J die casts, machines, flock finishes and assembles 

damper for York Corporation. Unit is a complex high 
precision assembly of ten die cast parts including racks, 
pinions, and pistons. D-J flocks interior parts before assembly, 
seals seams to air-tightr 
are carefully alodined. 


23s under pressure. Exterior surfaces 


Doehler-Jarvis can do 


more for you than die cast parts... 


D-J casts, profile shapes, taps and electro-statically paints 
TV set parts for Radio Corporation of America. Ready- 
for-assembly die castings are by far the lowest-cost way to pro- 


duce lightweight metal bezels and glass retainers for RCA 
Victor TV sets. Their dimensional stability speeds assembly. 








D-J casts, machines, and assembles turntable hubs for 
well-known phonograph manufacturer. Hubs are 
trimmed, turned, slotted, reamed and fitted with bearings. 
The bearings are then chamfered and sized. Tolerances of 0.001 


inch cr less are maintained throughout all these operations. 





*. 


Operator removes die cast zinc main channel for Lincoln 

or Continental window assembly from large 48” casting 
machine. Part is quenched in cooling solution then conveyed 
to trimming. D-J is now researching production techniques 
on giant machine, world’s largest. 


 — ~ 


Ingenious double-acting trimmer removes gate, trims 
flash, finishes slots, taps 3 holes. Notice jig at right 
miters corner of frame. Scrap metal is collected, re-melted, 
re-refined and re-used. Minimum metal consumption is a big 
advantage of die casting. 


-»oD-J makes machines, plates, puts together 


Buffing, too, is set up for maximum economy. Part is 
4) snap-clamped to device that positions it automatically 
for buffing wheels. When leaving fast-moving buffing lines, 
parts are racked and processed by conveyor through degreasing 
into plating without further handling. 


“Christmas trees’ carry channels through plating. Part 

s given optimum copper, nickel, chrome thicknesses using 
an automatic “plate-on-plate-off” current sequence that de- 
velops unusually high quality long-lasting finish desired for 
this premium car. 








Ganged machines complete drilling, tapping, reaming. 
© Behind operator you can see a universal work toting 
device. Removable pins support work and present it to operator 
prepositioned for speediest handling. (For another view of 
device, see following picture.) 


Window is glazed and finish assembied in special jig. 

Here die cast channel, glass and other parts (some made, 
some purchased by D-J) are put together and weather sealed. 
Packaged part is shipped both to the Lincoln and Continental 
plants and to distributor warehouses. 


Not everyone knows that Doehler- Jarvis 
does extensive machining, finishing and 
sub-assembly work as well as die casting. 


But it’s true. Every Doehler-Jarvis Plant (8 in the 
U. S. and Barber Die Casting in Canada) mass 
produces sub-assemblies, as well as die casting and 
finishing basic parts. And you can rest assured, 
costs undercut those that customers might achieve 
in their own plants. 

Costs are bound to be low. Doehler-Jarvis has in 
abundance versatile machining, metal forming and 
joining equipment plus finishing facilities that are 
unique. Experienced design, purchasing and pro- 
duction personnel, too. Everything needed to set up 
economical, continuous production, assembly, and 
packaging lines. 


Lincoln 


\_ Continental 


There are other savings, too... savings in your 
plant. Less tooling, for example. And you receive 
a responsibly inspected, fully functional sub- 
assembly ready for immediate use. Many D-J cus- 
tomers take delivery only on sub-assemblies needed 
for basic production. Spare-part production goes 
directly to customer’s distributors. 

Makes sense, doesn’t it? Especially when you see, 
as in these three pages of pictures, how D-J handles 
typical production work. 

Maybe you could push your costs down this way, 
too. Care to talk it over? 





Doehler=Jarvis 


DIVISION OF NATIONAL LEAD COMPANY 
General Offices: Toledo 1, Ohio 


In Canada: 


Barber Die Casting Co. Limited 


VA 
[Py 
Hamilton, Ontario fe: 
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Now! Plan Ahead, Be Ahead 





New front tracing tray can be ad- 
justed in length to stack tracings up 
to 14 inches wide or up to 24 inches 
wide. Tray adjusts to stack trac- 
ings or to allow fast removal for 
re-insertion. 


A flick of a lever provides front or 
rear print delivery. Rear print tray 
can be adjusted to different angles 
and to accommodate varied size 
prints up to 32 inches long. Roll-up 
attachment available. 








Spacious 92-inch long feedboard is 
formica-surfaced with chrome-plated 
metal edge. Vacuum apertures hold 
roll and sheet stock in position. 
Drawer and swing-out ash tray pro- 
vide added convenience. 


MACHINE DESIGN 





with the Years-Ahead 





Reproduction Machine... 


BRUNING COPYFLEX Wodl 0 40 


Never before has a reproduction machine 
offered you so much to boost printmaking 


production, convenience and quality! 


Never before has a reproduction ma- 
chine been so “planned ahead” that it 
actually gives you TODAY the features 
you'll want and ned TOMORROW! 


Now, in Bruning’s great new Copyflex 
Model 675, you get such radically ad- 
vanced operational features as an exclu- 
sive four-way tracing tray that can be 
adjusted to stack or to permit fast 
removal of tracings ...a unique system 
of vacuum ports in the feedboard that 
hold large sheets and roll stock in posi- 
tion ...a feeder band system that elimi- 
nates curling and wrinkling of tracings 
... enclosed, easy-to-load feed rods for 
roll stock ... an electrically controlled 
machine height adjustment. These and 
many other features...one-knob speed 
control, front or rear delivery, variable 


front print stacker, automatic separation 
... speed and simplify the operator’s work 
as never before! 


Providing optimum printmaking capac- 
ity are the 675’s full 46-inch printing 
width ...a mechanical speed of up to 75 
fp.m....and a fast-printing 7,500 watt 
lamp variable to 5,000 watts at the flick 
of a switch Add to these a new filtered 
air system that assures a cleaner lamp 
cylinder, cleaner prints, and a consist- 
ently high rate of output. For extra speed 
and flexibility, a new split-shade lamp con- 
trol enables simultaneous insertion of ma- 
terials calling for different printing speeds. 


All this and more is yours now in 
Bruning’s all-new Copyfiex Model 675! 
Act now to plan ahead and be ahead with 
the years-ahead reproduction machine. 
Available on convenient Lease-Purchase 
Plan. The coupon will bring you free 
descriptive literature. 








(BRUNING ) 
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Copytlex 


Charles Bruning Company, Inc., Dept. 113-K 

1800 Central Road, Mount Prospect, Illinois 

Offices in Principal U.S. Cities 

In Canada: 105 Church St., Toronto 1, Ont. | 
Please send me more information on the new Copyfiex Model 675. 


Name Title 





Company__ 
Address eS 
City 
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THE DODGE STEEL : 
pustisneno by DODGE STEEL COMPANY 


6501 Tacony Street, Philadelphia 35, Pa. 


BUSINESS MAGAZINE EDITION | 


Notes on Dodge foundry engineered product improvements 





More and more designers and purchasers of steel castings are taking advantage 


of Dodge’s unique 3-way engineering service to obtain better, more efficient parts. 


Complete facilities are available at Dodge to assist in the proper design and 


specification of a proposed new casting... to review present castings in order to 
7) D 


determine how they may be redesigned to save metal and increase strength... 


and to help in converting other metals and forms to steel castings. Here are typical 


examples of the effectiveness of this service: 


INGENIOUS TREE CHIPPER 


Helping to solve the brush 
disposal problem is this ingen- 
ious, portable Tree Chipper, that 
can be taken directly to the 
operation to “make little ones 


out of big ones”. 


A major part of the Chipper is 
a Dodge cast and machined steel 
roller, 9 inches long, 1114 inches 
in diameter and weighing 275 
pounds. The cast steel roller, 
featuring three horizontal cutting 
blades, is so geared that it travels 
at a speed of 2,200 rpm. Brush 
and limbs up to 6” diameter are 
fed into the machine and cut up 
into small chips. The use of a 
quality steel casting in this appli- 
cation assures uniform, predict- 
able results, as well as long 


service life. 


FAREWELL TO BREAKAGE 


A well-known truck trailer 
manufacturer experienced exten- 
sive breakage of a trunnion pin 
in its trailer rear wheel tandem 
assemblies. The pin, used to sup- 
port an equalizing beam, was not 
strong enough to take the punish- 
ing movement of heavy loads. 
New specifications called for a 
pin with a bearing surface ductile 
enough, yet with sufficient 
strength to do the job. Cost was 
to be kept low. Dodge designed, 
built, and machined the casting 
shown here. 


The pin uses a special grade of 
Dodge steel which responds to 
differential grades of hardness 
along its surface, depending on 
the required stress demand. 
Result? Breakage problem elim- 
inated with a steel casting pro- 
duced at low cost. 


Circle 427 on Page 19 


STEAM LINE INSURANCE 


In power plants and other sys- 
tems utilizing high-pressure, high- 
temperature steam, the safety of 
workers as well as equipment is 
important. One safe and efficient 
pressure device—used in thou- 
sands of installations—is this 
relief valve made by a leading 
manufacturer. 


rete MERE REH 


Proper design coupled with the 
use of quality steel castings are 
good reasons why these valves 
have provided safe, efficient 
operation for so many years. 

The best proof of the savings 
available to your company through 
the use of Dodge 3-way engineer- 
ing service is the experiences of 
these manufacturers and others 
who have had problems similar 
to yours. This timely and valuable 
service is ready to go to work 
for you. May we study and solve 
your problem? 
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E ONLY LINE OF 


D. ¢. 
MOTOR STARTERS 


with modern 


SOLENOID 
CONTACTORS 


With Allen-Bradley, you get D.C. motor control 
that is completely modern! It uses the simplest 
switching mechanism yet conceived . . . the sole- 
noid contactor with only ONE moving part. 
There are no bearings to stick . . . no jumpers 
to break. This assures millions of trouble free 
operations. And the double break, silver alloy 
contacts never need maintenance. Available in 
ratings up through Size 4. Write for details. 





AB 


QUALITY 











CONTACTORS FULL VOLTAGE STARTERS 


Bulletin 202 sole- Bulletin 205 full voit- Bulletin 209 full volt- 
noid type contactor. age reversing starter. age starter. Available 
In ratings to 150 | Ratings to 1% hp, in ratings up to 14 
amp. Also, clapper | 115 v; 2 hp, 230 v. hp, 115 v; 2 hp, 230 v. 
type to 600 amperes. 


REDUCED VOLTAGE STARTERS 








Bulletin 267 automatic time limit resistor type starters. Non- 
reversing (left) and reversing (right). Solenoid type to 20 hp, 
115 v; 40 hp, 230 v. Clapper to 75 hp, 115 v; 150 hp, 230 v. 


11-58-MR 
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| YY) MAIN OFFICE 
and Factor 
A LLEN 1 B RAD # E Y 13165. Second St 


In Canada: Allen-Bradley 
Canada Ltd., Galt, Ontaria 
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only 


ALLEN-BRADLEY 


gives you Trouble Free 
Solenoid Starters 


in ALL sizes! 


The simple solenoid design—exclusive with 
Allen-Bradley in the big starter sizes—has 
only one moving part. This eliminates the 
trouble causing bearings and flexible jumpers 
of conventional clapper switches . . . and as- 
sures millions of trouble free operations. A-B 
solenoid starters also have double break, 
silver alloy contacts that never need any 
servicing. They are always in perfect operat- 
ing condition—until the contact is completely 
used up. 

This time-tested solenoid construction is 
available on all Allen-Bradley starters up 
through Size 7 . . . as well as on A-B’s rugged, 
air break, high voltage starters. Write for 
full information. 




















ALLEN - BRADLEY 


= QuALITy<— 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 
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AIR DUCT JOINTS 


SELF-ALIGNING * HIGH TEMPERATURE 


THOUSANDS OF FLIGHT SERVICE HOURS * HUNDREDS PRODUCED 
FULLY QUALIFIED * U.S.A.F. ACCEPTED 


Southwest's “FLEXHOT” Air Duct Joints 
assure years of trouble-free service. 
We welcome the opportunity to provide 


After several years of development and a full 
year of flight testing, Southwest Products Co. 
now Offers you “FLEXHOT” Air Duct Joints. 
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New but fully tested and accepted. They utilize 
the proven “MONOBALL”’® two-piece design 
with high precision workmanship. 


you with units to meet your individual 
requirements relative to flexibility, 
temperature, pressure, weight and material. 


CHARACTERISTICS 


1. 360° of Axial Rotation While Inline or Misaligned. * 2. Operating Pressure Range 0 to 110 PSI Gage. 
3. Axial Deflection up to 10° Included Angle Between Ends. * 4. Positive Maximum Angular Control. 
5. Minimum Bending Moment. * 6. Operating Temperature Range —65°F. to 550°F. Internal Air. 

7. Minimum Torque. * 8. No Lubrication Required for the Life of the Unit. 

9. Adaptable te Marman, Janitro! & Bolted Type Flanges. * 10. Minimum Pressure Drop. 

11. 165 PSI Gage @ 550°F. Proof Pressure. * 12. Long Life. 


SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVENUE 
MONROVIA, CALIFORNIA 
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SOLVED: 


by Sandusky 
Centrifugal Casting 


Eastwood-Nealley’s chief engineer points out great size of grooved cylinder 


Who else could cast this 22-ton cylinder 
for the world’s biggest wire cloth loom? 


To weave Fourdrinier wires up to 352” wide for the 
world’s newest and largest paper machines, Eastwood- 
Nealley Corp., Belleville, New Jersey, required a cyl- 
inder over 30 feet long. 

Sandusky supplied this 44,685 Ib. roll, centrifugally 
cast of SAE-1030 steel and rough machined to 363” in 
length, 40%” on the O.D., to be used as the backbeam 
on Eastwood's new wire cloth loom. Since the cylinder 
had to be machined with 176 extremely smooth 2” x 2” 
stirs (grooves) in which wire is wound, it had to be 
of flawless quality. Otherwise any voids or inclusions 
exposed by machining would nick the delicate bronze 
strands and cause the expensive wire cloth to fail. 

Eastwood-Nealley’s chief engineer, Clemson A. 


sanbusky © 
FOUNDRY & MACHINE CO. 


Bower, asserts: “We chose a Sandusky Centrifugal 
Casting because only Sandusky could make such a 
gigantic cylinder without welding. We were confident 
that our special machining operation would be accom- 
plished without costly re-makes, for in the 12 years we 
have been using them, we never found a single flaw 
in a Sandusky Centrifugal Casting!” 

When cylinders or piping are needed in your design, 
keep Sandusky Centrifugal Castings in mind. We can 
” to 54” O.D. and 
up to 33 feet long—made from a variety of alloys in- 


supply cylindrical products from 7 


cluding stainless, carbon and low-alloy steels as well 
as copper- and nickel-base alloys. Send for free book- 
Jet, “Your Solution to Cylindrical Problems.” 


CENTRIFUGAL CASTINGS 


SANDUSKY, OHIO Stainless, Carbon, Low-Alloy Steels—Full Range Copper-Base, Nickel-Base Alloys 
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MACHINE DESIGN 


How LINK-BELT silent chain comes through 
industry’s stiffest tests 


o other drive 


HIGH SPEED. Link-Belt silent chain drives 
on newspaper presses Olten operate at 
speeds of 4000 to 5000 feet per minute 


LARGE OR SMALL HP. Two 24-in. strands the largest chain drives ever built. Silent ADVERSE OPERATING CONDITIONS. Ef- 
of Link-Belt silent chain on turbines pow- _ chain provides high efficiency (over 98%) fects of heat, humidity and cold are mini 
ering 850-kw generators comprise one of on large or fractional hp drives. mized with Link-Belt silent chain drives 


LARGE RATIOS 1 ink-Belt silent chain oper- COMPACTNESS. A complete drive as small as LONG LiFe. Link-Belt silent chain has given 
ates efficiently at ratios as high as 10-to-1, your thumb—Link-Belt ‘e-in. silent chain more than 30 years of uninterrupted serv 
with resulting space economies. is ideal for limited-space applications. ce on ventilating systems 


Get in touch with your nearest Link-Belt office for 88-page Data Book No. 2425 


af 
jl Me . 


ae > 

oil P 
& o > ® j 
Jf ? Pe, 

a . = © LINK-BELT COMPANY: Executive Offices, Pruden- 
¢ a . tial Plaza, Chicago 1. To Serve Industry There 
¢ ? ie Are Link-Belt Plants, Sales Offices, Stock Carry- 

€ ge 


ing Factory Branch Stores and Distributors 
All Principal Cities. Export Office, New York 7; 
Canada, Scarboro (Toronto 13); Australia, Mar- 


SILVERSTREAK SILENT CHAIN DRIVES rickvalle, N'SW:;, South Africa, Springs: Repre 


sentatives Throughout the World A 
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V-Belt Designer’s Notebook 








A special V-Belt Engineering Service 
to help you cope with 7 Drive Problems 


created by space-saving modern design 


A checklist of V-belt drive designs 
which require specialized engineering. 
W ith a description of the compensating 
characteristics which can be built into 
special Dayton V-Belts. Sources: Case 
histories from the files of the Dayton 
Special V-Belt Engineering Service and 
“The Dayton Handbook of V-Belt 
Drive Design and Selection.” 


Here’s a typical example of efficient, 
compact, modern design—an automatic 
washer with a Dayton V-Belt Drive. 


Note that it imposes three design re- 
quirements, (1) a torturous back bend 
(2) sub-diameter pulleys (3) a limited 
tension take-up area. Yet the design is 
efficient because Dayton V-Belt engi- 
neers developed a belt especially adapted 
to these three punishing conditions. 


You'll find similar examples in ma- 
chine tools, agricultural machinery and 


wherever drive space is limited. You’ve 
seen them yourself—the designs which 
dictate sheave misalignment, back-side 
idlers, underbelting; plus others which 
use V-Belts as a clutch and which im- 
pose excessive shock loads on the belt. 


HERE ARE THE MAJOR 
CONDITIONS WHICH AFFECT 
V-BELT PERFORMANCE 


Underbelting 


Underbelting is found where space is 
limited or as a result of very low belt 
speeds. It will cause belts to slip, run 
hot and wear out very quickly. A tem- 
porary cure, commonly employed, is to 
over-tension the belt — thus throwing 
excessive loads on the bearings. 


The design requires a high capacity 
belt with extra-strength cords found in 
Dayton’s Super-Thorobred series or, in 
difficult cases, belts with both a high 
coefficient of friction and extra strength 
like the raw-edge Dayton Cog-Belt.* 


Sub-diameter sheaves 


Belts driven by sub-diameter sheaves 
are inclined to succumb to accelerated 
flex failure. Tensioning problems are a 
usual result. 


Sub-diameter sheaves require ex- 
tremely flexible belts for satisfactory 
service. The required flexibility may be 
obtained by using thin V-Belts—where 
drive capacity is not high. When con- 
siderable capacity is required, Dayton 
Cog-Belts will give the most satisfac- 
tory performance. Their exclusive de- 
sign permits exceptional flexibility. 
Die-cut raw edges provide high coeffi- 
cient of friction, transmit maximum 
power from sub-diameter sheave arcs, 


Misalignment 


Angularity between centerlines 


_ 


Paralle: but offset pulleys 


Reverse direction or “Figure 8” drive 


MACHINE DESIGN 





Misalignment causes uneven tension 
across the face of the belt—producing 
abnormal belt and pulley wear and un- 
even bearing loads. 


A suitable approach is to use highly 
extensible cords of the latest synthetic 
fibers in the strength band of the V-belt. 
Dayton’s Development Engineer can 


prescribe the material best suited to, 


your needs, 


Fixed centers 


Proper tension cannot be maintained 
with fixed centers or where center dis- 
tance adjustment is inadequate. With- 
out proper tension, belts slip and need 
frequent replacement. 


Dayton V-Belts with low-stretch 
neutral-axis cords are best suited for 
applications with little or no provision 
for center distance adjustment. Still 
higher performance is gained if the 
belts have maximum cross-sectional 
stability which helps keep the belt from 
seating in the sheave groove. 


Back-side idlers 


Cracks will appear on the under side of 
the belt, since back-side idlers force the 
belt to flex in a direction contrary to its 
construction. Use of spring-loaded back- 
side idlers may result in belt-snapping. 


Where back-side idlers are used to 
provide tension take-up, they must 
never be smaller than the smallest pulley 
in the drive. Dayton V-Belts used in 
this case employ tension or stretchy 
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type materials in the compression sec- 
tion and have a relocated neutral axis. 


Excessive shock 


Excessive shock can cause the belt to 
snap as well as promote bearing troubles 
and sheave misalignment. 


Belts subject to excessive shock or 
heavy pulsation require strength band 
constructions which offer changeable 
ratios between stress and strain without 
taking a permanent stretch. Belts with 
soft cross sections — that will ride up 
and down in the groove — work well 
under shock as do wide angle belts. Any 
of these belts are available from Dayton. 


Using as a clutch 


V-Belts are ordinarily designed for con- 
stant loads and will burn when used as 
a clutch. 


But, belts especially designed for use 
as a clutch will readily slip when a load 


is suddenly applied or released. Dayton 
cover stocks used here have a low co- 
efficient of friction and high resistance 
to wear. 


DAYTON’S SPECIAL V-BELT 
ENGINEERING SERVICE 


Make use of Dayton’s Special V-Belt 
Engineering Service when you encoun- 
ter any of these designs. Your Dayton 
V-Belt design engineer is an expert who 
has devoted himself exclusively to V- 
Belt Drives. Your design may permit a 
minor modification which would adapt 
it to the use of low-cost standard V- 
Belts. Other standard Dayton V-Belts 
available for special applications are 
the Double-Angle V-Belt, the Double 
Cog-Belt, the Variable Speed Cog-Belt 
and the back-side idler V-Belt. 


With one of the finest research and 
development laboratories in the indus- 
try, Dayton research engineers con- 
stantly advance V-Belt knowledge 
They develop basic theory, prove the 
characteristics of the newest composi- 
tions and materials available to the 
rubber industry and test the perform- 
ance of theoretical constructions. All of 
this acquired information is at your call 
when you need a special V-Belkt. 


Now, while your design is on the 
drawing board, is the time to call your 
Dayton V-Belt design engineer. He'll 
help you select the V-Belt which is 
tailored to your specific drive. The 
result—a compact, versatile design 
which meets all your minimum design 
requirements and one that will give its 


users years of trouble-free service. 


Industrial Sales Engineers in Atlanta, Chicago, Cleveland, Dallas, 
Dayton, Minneapolis, Moline, New York, San Francisco and St. Louis. 


*T. M. 


D. R. 1957 


Dayton Rubber 


THE DAYTON RUBBER CO., INDUSTRIAL DIV., DAYTON 1, OHIO 
WORLD’S LARGEST MANUFACTURER OF V-BELTS 


If you haven’t received your copy of Dayton’s authoritative Handbook 
of V-Belt Drive Design and Selection, write for it now. 


Just give us your name, title, and the address of your firm. 
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WORM GEARED SHEAR 
CUTS 176’ STEEL PLATE 
UP TO 13° WIDE 


An idea of what double-enveloping worm gearing can con- 
tribute to steel mill equipment is told, in part, by the ac- 
companying photographs. Fig. 1 shows a United Engineering 
and Foundry Company 630,000 Ib. shear operated through 
Cone-Drive gearing. Fig. 2 shows an older similar shear— 
but actually of smaller capacity—driven through conventional 
spur gearing. 

In addition to the reduced bulk and improved appearance of 
the newer shear, the following advantages have been obtained 
—largely by designing the shear around compact Cone-Drive 
gearing: 


1. Capacity increased from 1” thick steel plate, 
86” wide, to 1%." thick and 156” wide. 


2. Drive is enclosed and compact instead of cum- 
bersome and sprawling. 


3. Flywheel clutch unit and motor mounted to give 
more effective machine operation. 


4. Service difficulties have been eliminated. Only 
an occasional check on lubricant is now required. 


5. Much quieter and smoother operation. 


The United shear develops up to 630,000 psi between the 
knives. Drive is from a 75 hp, 1000 rpm electric motor 
through a set of Cone-Drive gears with a ratio of 36.5 to 1. 
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4 Fig. 1—United’s 630,000 
psi Cone-Drive geared 
shear is more compact and 
streamlined and has a 
higher capacity than the 
spur-gear driven shear. 
Cone-Drive gears are en- 
closed in compact hous 
ing in foreground. 


Fig. 2—An older model of 
a similar shear shows the 
bulky conventional spur 
geor drive at the top of 
the machine. 


This gearing is enclosed in the housing at the upper left 
corner of the machine in Fig. 1. The compactness of the 
gearing, making its complete enclosure simple, has contrib- 
uted considerably to eliminating maintenance difficulties. Ac- 
cording to one steel mill: “If we didn’t have to check lubricant 
occasionally, we wouldn't know there were any gears in the 
case. 


Reason for the compactness and freedom from trouble of 
the Cone-Drive gearing is that these worm gears—differing 
from others—are “double-enveloping” as a result of a special 
gear cutting process. In double-enveloping worm gears there 
are more teeth in contact and more contact per individual 
tooth. This results in a very high load carrying capacity re- 
quired for steel mill equipment. It furnishes the positive 
action of a gear drive with the smoothness of a hydraulic 
drive. 


Complete elimination of backlash is also possible with even 
the largest Cone-Drive gear sets. Compactness, high load 
capacity and light weight of these gears permit the use of 
much smaller gears and housings. 


For further information on Cone-Drive worm geared speed 
reducers and gear sets, write Cone-Drive Gears, Div. Michi- 
gan Tool Company, 7171 E. McNichols Road, Detroit 12, 
Michigan. 
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VITON 


TRAC 


A New Synthetic Rubber from Du Pont 
Serves Where Other Elastomers Fail 


Gives unequalled service in oils, fuels, solvents 


and chemicals at temperatures over 400 F. 


VITON synthetic rubber combines high resistance to most 
fluids and corrosive chemicals with outstanding resistance 
to high temperatures—up to 450° F. in continuous service, 
up to 600° F. in intermittent service. 


VITON offers excellent mechanical properties for a fluid 
and heat-resistant elastomer. Specimens return to within 
90 to 97% of their original dimension after being compressed 
25% for 70 hours at 250° F. At room temperature, tensile 
strength tests out from 2000 to 3000 psi, and ultimate elon- 
gation from 100 to 400%, depending upon hardness. 


VITON is easy to process; components can therefore be 
made to close tolerances. This new synthetic rubber has 


‘ 2 2d sssful in precision sez r ; : 
ta tide ante ar denice iene. Gn O-tinw send already proved successfu precision seals (such as the one 


on the output shaft is exposed to aromatic com- shown here), diaphragms, coated fabric and linings. To learn 
ponents in high octane gasolines. A noted oil x in . es 

resistant synthetic rubber was first used for the more about VITON, see your rubber supplier or send for 
O-ring. it became swollen, however, and caused our new booklet. E. 1. du Pont de Nemours & Co. (Inc.), 


metering difficulties. When an O-ring of VITON . . : 
was substituted, the trouble was eliminated. Elastomer Chemicals Dept. MD-11, Wilmington 98, Del. 





RESISTANCE TO FLUIDS AND CHEMICALS 





VITON 


VITON vu'canizates were immersed for 7 days in a wide Tensile Hardness 
variety of corrosive fluids. These data show the effect Strength Change 
of representative fluids upon the properties shown. Retained % Points 


Volume 
Increase ° 
a 

1 if 1 4 > 


I 





Carbon tetrachloride, 75° F. 85 
Aniline, 75° F. / 100 
Tricresy! phosphate, 300° F ‘ 93 
JP-5 petroleum aircraft fuel, 75° F. + 100 + 
Turbo oil No. 15 diester lubricant (Mil-L-7808), 400° F. 60 f 19.6 Better Things for Better Living 

Transmission fluid, Type A, 212° F. ; 77 . .. through Chemistry 
OS-45 silicate ester, 400° F. P “ity a 62 
Sodium hydroxide, 46.5%, 75° F. . Sa : ‘ s 75 
Hydrofluoric acid, 48%, 75° F. ‘ ie 98 
Sulfuric acid, fuming, 75° F. 58 
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NEW... Expanded Facilities for 


How Chrysler Marine and Industrial Engine Division is 
girding itself to bring you still better products and service 


NEW EXPANDED PRODUCTION FACILITIES 

A move to larger plant area with greater floor space devoted 
exclusively to the production of industrial engines now is being 
effected. Coordinated with the vast Chrysler engine building 
organization, these new facilities (included in the above 
illustration) will provide unmatched capabilities for supply 
of industrial engines to exact customer production schedules 
—with a minimum of lead time required. These expanded 
facilities also provide for faster design and manufacture of 
prototype engines for new customers. 

NEW ENGINE CENTER-DEALER NETWORK 
Strategically located Chrysler Industrial Engine Centers now 
are being established at service points throughout the United 
States. These new engine centers together with an enlarged 
dealer organization — plus five major parts plants and one 
master parts plant — make parts and service immediately 
available to the most remote user of Chrysler industrial power. 


NEW EXPANDED FACTORY SALES AND SERVICE 
To better serve manufacturers and users of power equipment, 
new regional and district offices are being opened with added 
personnel, including specially trained service men. 


EXPANDED SALES-ENGINEERING SERVICE 
Through new engineering procedures, specification of more 
than 2000 engine models in the standard product line has been 
simplified for immediate pricing and fast delivery. In addition, 
famed Chrysler engineering is available to all customers 
at all times on specific power applications. 


EXPANDED PRODUCT DEVELOPMENT PROGRAM 
Intensified engineering research has been accelerated to still 
further widen the scope and improve Chrysler industrial 
power applications. 


Chrysler powered equipment for every major industry. 


Air Compressors 
Aircraft Towing Tractors 
Arc Welders 

Concrete Mixers 
Construction Pumps 


Standby Generators 
Hydraulic Cranes 
Industrial Hoists 
Industrial Tractors 
Irrigation Pumps 


Ditching Machines 
Drilling Equipment 
Fire Pumps 

Farm Combines 
Farm Tractors 
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Chrysler Industrial Engines 


THE FORWARD LOOK 
IN INDUSTRIAL POWER 





THE FORWARD LOOK IN ; 

\LY These new developments, plus the 
‘ Hidden EXTRAS of Chrysler industrial 
IN DU STRIAL P OWE R engine supply service, have been 


THE EXPANDED ENGINEERING. PRODUCTION AND SERVICE FACILITIES OF detailed in a new brochure “The 
Forward Look in Industrial Power.”’ 


CHRYSI ER. ‘| it will be of extreme interest to 
power equipment manufacturers. 
IWEAan ty | i NOP 





A request on your executive letter- 
head will bring your copy. 








e/ 
IVITARINE AND -CNDUSTRIAL ENGINE DIVISION 


Sc evsier CORPORATION © DETROIT 31, MICHIGAN 


Lift Trucks Petroleum Pumps Shovels 

Loading Machines Pulp Machinery Snow Mobiles 
Mobile Cranes Road Pavers Street Sweepers 
Motor Coaches Road Rollers Winches 
Orchard Sprayers Scoop Tractors Yard Cranes 
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Here Experience Counts 





Sure, sometimes luck helps out a fisherman 

. but-in the long run it is experience that 

“pays off. And it is experience that pays off 

when.it comes to solving power=-drive 

problems for appliance and equipment 

manufacturers ...the kind of experience 
Emerson - Bleeiric offers. you. gts 


Remember in od 


@ Emerson “Electric produces custom -engi- 
Pies motors to suit your specific needs. 


@ Emerson«Eleéctric hasemore.than 100 
engineers.’for .on-the- “Spot service for you. 


ae Emerson-Eleetric has more than’65 years’ 4 
“experience in solving motor - drive problems .; <3 
like yours. a . : 


To get the kind of ex- 
perience that counts, 
call, wire or write Dept. 
M-341 today. The Emer- 
son Electric Mfg. Co., 
St. Louis 21, Mo. 
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BDO YOU HAVE THE 
NEW AETNA GENERAL 
CATALOG AND 


ENGINEERING MANUAL? 


Contains valuable en- 
gineering data, formulas, 
tables, design application 
drawings, shaft and hous- 
ing fits, lubrication helps, 
etc. in a compact, readily 
accessible unit. 

Secure your copy by 
phoning your local repre- 
sentative listed in your 
Classified Phone Book 
or write direct. 


- 








SAVE design adjustments and compromises 


The Aetna line of quality precision bearings is so complete 
and diversified that within it there is undoubtedly the exact 
bearing, with the exact specifications, required for your design. 
No need to modify or change your design—no need to specify 
characteristics which require extra-cost handling. 

This is especially true of Thrust Bearings—a field in which 
Aetna is the acknowledged leader—with a broad line of sizes and 
load ratings to meet practically all requirements from stock. 


SAVE assembly costs 


Precision dimensions held to exact tolerances guarantee press 
fit without effort or adjustment. Bearings received in perfect, 
factory-fresh condition, require no cleaning—no checking or in- 
spection. Simply remove from carton, strip off the protective 
wrapper and install. 


SAVE repair and replacement losses 


Aetna bearings stand up under the loads and service for 
which they are designed—give long hours of perfect anti-friction 
performance—require no attention beyond periodic lubrication 
—seal out dirt, dust, grit and atmospheric impurities—and per- 
mit your equipment to deliver the fine, trouble-free performance 
which you have built into it. 


AETNA BALL AND ROLLER BEARING COMPANY 


DIVISION OF PARKERSBURGH-AETNA CORPORATION + 4600 SCHUBERT AVE. - CHICAGO 39, ILL. 
in Detroit — Sam T. Keller — 1212 Fisher Bldg. 


Aetna ANTI-FRICTION CONSULTANT TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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Note—Commercial and Military Packaging Engineers: 


Rugged LINK-LOCK 


...your best answer to exacting closure problems 


LINK-LOCK provides 
pressure-tight closure 

on this rigidly specified 
equipment container 


SIMNONS 


FASTENER CORPORATION 
1756 North Broadway, Albany 1, New York 


QUICK-LOCK * SPRING-LOCK * ROTO-LOCK * 
LINK-LOCK * DUALLOCK 


See our 8 page catclog in Sweets Product Design File 


60 
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Photograph courtesy of Craig Systems, Inc. 


Simmons LINK-LOCK provides quick opening and closing as 
well as impact-resistant dependability on transit cases manu- 
factured by Craig Systems, Inc., Lawrence, Mass. 


The cylindrical Craig container above is gasketed and pres- 
sure-tight, and contains delicate electronic equipment. Twelve 
LINK-LOCK fasteners are used on this model. 


Here’s why LINK-LOCK is ideal for use on military cases pro- 
duced to exacting specifications as well as on inexpensive 
commercial containers: 


e Impact and shock resistant (positive-locking). 

¢ High closing pressure with light operating torque 
insures pressure-tight seals where required. 

e Available in 3 sizes, for heavy, medium, and light duty. 

e Compact design... lies flat against case even when unlocked. 

e Opening and closing by wing-nut, screwhead, or hex nut. 

e Flexible engagement latch design...can be varied to suit 
different conditions. 


Also available: Spring-Loaded LINK- 
LOCK. Ideal for the less expensive 
containers where costs won’t permit 
precision production. Spring pro- 
vides take-up to compensate for set in 
gasketing, irregularities of sealing 
surfaces, and mounting inaccuracies. 


Where does the versatile Simmons LINK-LOCK belong in your 
design? For complete information and specifications, send 
for the Simmons Catalog today. Samples and engineering 
service available upon request. 
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Technical data for 
gasket design and selection 


NUMBER SEVEN 


Choosing a gasket 
for service under high 
heat, high loads 

Where gaskets are used under condi- 
tions that combine elevated tempera- 
tures and high flange loads—as for 
example in compressor heads and 
automatic transmissions—problems of 
extrusion and torque loss are likely to 
be met. 

If internal pressures are also high, 
or if contained fluids or gases may 
attack the gasket—as in refrigeration 





Laboratory test checks the combined effect 
of refrigerant gas and high temperature 
on Accopac AN-890. Flange at left con- 
tains refrigerant at 130 psi; flange at 
right contains no gas. After initial torqu- 
ing at room temperature, flanges were 
heated to 300 F. and torque measured 
at 24-hour intervals for one week. Test 
showed no loss of torque on AN-890. 


compressors—the service conditions 
become even more critical. 

A new beater-saturated 
gasket that will seal under these rig- 
orous conditions has been developed 
by Armstrong research. It is Accopac 
AN-890, a blend of refined asbestos 
fibers and nitrile-type rubber. 

AN-890 withstands temperatures up 
to 800° F. and will not crush or ex- 
trude under test loads of 100,000 psi 
at 300° F. It has unusual torque re- 
tention and sealing properties in ap- 
plications where heat, high flange 
loads, and high internal pressures are 
involved. 

AN-890 is one of the Armstrong 
line of Accopac materials. It is avail- 
able in rolls, sheets, or die-cut parts. 
For more information, write for a 
copy of our folder IND-915. 


asbestos 
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How contained fluids affect the choice 
of resilient gasket materials 


When selecting a resilient gasket ma- 
terial, the possibility of undesirable 
interactions between the gasket and 
the contained fluid should be an early 
consideration. 

The action of sealed fluids on a 
gasket takes two basic forms: dete- 
rioration and shrinking or swelling. 
Deterioration may result either in 
leaks or in contamination of the con- 
tained fluid. Shrinkage of a gasket, of 
course, ultimately results in leakage. 

Within limits, swelling is not an 
undesirable reaction in a gasket. In 
fact, moderate swell can help create 
a more effective seal since it reduces 
the minimum flange pressure required 
for sealing. For example, Armstrong 
Accopac N-820 requires about 2,000 
psi when sealing oil, but will seal a 
mixture of ethylene glycol and water 
at flange pressures of around 1,000 psi. 

In judging the effect of fluids on a 
gasket, it is best not to rely on im- 
mersion tests of uncompressed sam- 
ples. Porous materials, which absorb 


These gaskets were used to seal hot oil. 
Ordinary plant fiber material (left) dried 
out and shrank, Armstrong Accopac gas- 
ket (right) was practically unaffected. 


rather large amounts of liquid when 
unconfined, have radically different 
swelling characteristics when com- 
pressed. (See test photo at right.) 


The effect of contained fluids can 
extent by 
proper design. Such things as bolt 
load, flange rigidity, and operating 


be controlled to some 


temperature should be considered 
along with the internal environment 
of the gasket. The maintenance of 
adequate flange loads, for example, 
will reduce the risk of fluid getting 
into the gasket or into the interface 


between the gasket and the flange. 


Photo shows difference in swell charac- 
teristics of fiber gasket. Test flange was 
immersed in gasoline. Gasket under com- 
pression remains at original thickness; 
unconfined material at edges swells to 
over twice original thickness. 
Information on the effect of con- 
tained fluids on specific classes of 
gasket materials is contained in the 
Armstrong Gasket Materials catalog. 
Data on design factors related to gas- 
ket selection is available in the new 
Armstrong Gasket Manual. 
Write for your copy of either—or 
both—of these books today, 


Design 





For your copy of 
Gasket Materials 
catalog or new 
Gasket Design 
Manual, write to 
Armstrong Cork 
Company, Indus- 
trial Division, 
7111 Dean St, 
Lancaster, Pa. 





(Armstrong GASKET MATERIALS 


Circle 442 on Page 19 


... used wherever performance counts 








Good Design Let’s say that you were asked 


to design a fish. It’s to be the most ferocious monster 


of the deep, a murderous creature ideally adapted to 
the sea. Chances are you would end up with some- 
thing much like a 40-foot-long Great White Shark. 
Then assume that you were asked to design the 
most efficient possible device to span a large body of 
water. You would very likely end up with something 
like the familiar high-towered suspension bridge. 
You could then take these designs to any great 
artist and he would say, ““They are beautiful’’—even 
if he didn’t know how or why you had designed them. 
Why are they beautiful? Probably because they 
are so absolutely functional. In the astringent design 
of a fish or a bridge, lines are curved only when they 
should be curved—to add strength or streamlining. 
Materials are used functionally, too. You don’t make 
a shark’s tooth from cartilage. You don’t make a 
suspension bridge from anything but steel. 


As we develop more and more “‘styled”’ products, 
the choice of material becomes very important. For 
example, the flatware industry has been revolution- 
ized by Stainless Steel because of its unbeatable 
combination of luster, strength, corrosion resistance 
and formability. The landscape gleams with steel 
curtain wall buildings as we learn to use steel in 
bold, bright, colorful ways. Even huge power shovels 
take on a new beauty as ultra-strong steels slim 
their silhouettes. 

It’s the same story with thousands of other prod- 
ucts. And for any application, there is one steel best 
suited for the job—one that contains physical proper- 
ties, appearance and price in the right package. It 
can be selected from the large family of USS Design 
Steels: Carbon, High Strength, Alloy and Stainless. 

Any time you want help in making that selection, 
call United States Steel, 525 William Penn Place, 
Pittsburgh 30, Pennsylvania. 


United States Stee! Corporation « American Steel & Wire « Columbia-Geneva Steel « National Tube H 
Tennessee Coal & Iron « United States Steel Supply « United States Steel Export Company United States Steel 


mentioning 
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Lower Left: Problem: Combine ruggedness, safety, and beauty in a 
pleasure yacht. Solution: Designer used USS Cor-TEN High-Strength 
Low-Alloy Steel. Pay Hull is stronger and more resistant to 
corrosion. Welded construction allowed separation of the gasoline 
and bilge areas, helps eliminate the most common boat disaster—fire 


Formability of Cor-TEN made it easy to shape the 


Lower Middle: Match profile of a new cantilever bridge 


with existing bridge, but build it stronger to support wider road! 


Solution: USS “*T-1” tructional Alloy Steel (now available 








Up to 233% more holding power with 
NEW UNBRAKO pHd* socket cap screws 





UNBRAKO CONVENTIONAL 
“pHd” SOCKET CAP SCREW 








BEARING AREA 











*pHd stands for “proper head design” — a factor in higher produc? reliability 


Enlarged head diameter, without change in head height, increases usable 
fastener strength as much as 134%, provides as much as 233% more holding 
power. The greater clamping force achieved with the new UNBRAKO pHd 
means longer fastener life under dynamic loads, offers the following 
advantages: 

@ Miniaturization. Space and weight-saving through use of smaller diameter or 
fewer screws. The 170,000-190,000 psi of these fasteners can be used to greater 
advantage. 

Reduction of fatigue failures. pHd allows consistently higher preloading, a 
major factor in lengthening the fatigue life of threaded fasteners. 

Fewer loosened threaded fasteners under shock or vibration. 

Eliminates washers under the heads of cap screws where they are used to in- 
crease the effective bearing area. 

@ Minimizes effect of oversized holes on the head-bearing area. 


The head diameter, enlarged on %6, %6, Mel, 5%, 34, % and | in. sizes, also 
prevents the screw head from indenting the material being assembled—a 
fault that normally reduces, and sometimes completely loses, the vital preload 
or tensile stretch that keeps the screw tight and prevents fatigue failure. 
pHd also provides room for a bigger socket, which permits tightening to 
higher recommended preloads. 


COMPARISON OF UNBRAKO pid AND CONVENTIONAL DESIGN 


Each size con now be utilized with equal reliability. The bearing stress is consistent from size to size in the new Unsraxo pHd socket cap screws. 





HEAD DIAMETER 
ae (in.) 


SIZE 


BEARING AREA LOAD TO INDENT oz increase| TIGHTENING TORQUE 


(sq. in.) IN CAST IRON (Ib.) USABLE (Ib.-in.) f 








Old pid 


pHd Old pHd STRENGTH Old pHd 





375 
468 
562 
656 
750 
843 
937 
1.125 
1.312 
1,500 











041 

047 
.102 
116 
-188 
.209 
.203 
.223 
.254 
364 


3,280 3,280 = 165 180 
3,760 5,760 325 360 
8,150 8,150 600 660 
9,270 11,800 1,000 1,040 
15,006 15,000 1,450 1,590 
16,700 19,700 2,050 2,270 
16,206 24,400 2,900 3,190 
17,800 34,600 5,050 5,600 
20,300 47,500 8,000 8,900 
29,100 62,800 10,550 13,600 


























ded ting torques for unplated screws, fine threads tAvailable as a special only (listed for dimensional data ) 





High Reliability 


SPS research is continually de- 
veloping fasteners with higher 
and higher standards of predict- 
able performance. By installing 
SPS high reliability fasteners in 
your assemblies, you increase 
your overall product reliability. 


“High Reliability’ is a booklet 
just published by SPS. Write for 
your copy today. 











The new UNBRAKO pHd socket head cap screw is now available through all 
authorized industrial distributors at no increase in price. Specify UNBRAKO 
pHd when ordering. For technical data and specifications, send for Bulletin 
2406. Unbrako Socket Screw Division, STANDARP PRESSED STEEL Co., 
Jenkintown 18, Pa. 


We also manufacture precision titanium fasteners 
~ / write for free booklet 


Jenkintown - Pennsylvania 


Standard Pressed Steel Co. © The Cleveland Cap Screw Co. e 

Columbia Stee! Equipment Co. e National Machine Products Co. 

e Nutt-Shel Co. e SPS Western © Standco Canada ltd. e 
Unbrako Socket Screw Co., ltd. 
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PRE-PRINTED 4 


Here Is Your Finished Drawing 


Quickly rendered to scale with 
accurate blue grid lines to guide you. 
Notice how the optional pre-print 
areas have been used. Wr 
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CUT COSTS, IMPROVE DESIGN AND 
PERFORMANCE WITH R/M PRODUCTS 


RUBBER 


NOW...A 
NEW DESIGN 
IN COG 
V-BELTS 


Write today for free booklet shown: full details on a wide variety of 


industrial rubber products. 


Manhattan Rubber Division, Raybestos-Manhattan, Inc. 


Passaic, N.J. 


eee ERY 


an et oOTRY 


Outlasts Other Belts as Much as 8 to 1 


R/M introduces the new CX Cog V-Belt.. . the 
only fully molded, fully jacketed cog belt. Extensive 
tests have proved it outperforms, outlasts other 
makes of belts as much as 8 to 1. Fully molded 
and full fabric cover prevents flex-cracking, im- 
proves fatigue resistance, has less distortion be- 
cause of lateral stability, maintains more effective 
length. It’s the ideal cog belt for small pulleys 
where flexibility and ruggedness, with extremely 
quiet running, are important factors. 


Other R/M V-Belt Designs 


R/M engineering makes other V-belts to meet a 
wide variety of light and heavy duty requirements. 
For example, R/M FHP V-Belts eliminate trouble- 
some vibration problems on motorized appliances, 
air conditioners, power tools. An exclusive molding 
process positions and controls every belt part to 


| 


Abrasive and 


Brake Blocks, Linings | Mechanical Packings 
Diamond Wheels 


and Clutch Facings and Gaskets 
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assure balanced belt power delivery without whip- 
ping or slapping. 

On heavy duty multiple belt drives, Condor 
V-Belts with flat sidewalls assure more grip, less 
slip ... longer belt life. (Write for Bulletin 6868). 

For extra horsepower,R/M Super-Power V-Belts 
transmit 40% more powerthanconventional V-belts. 
You can increase drive power without changing 
drive design—or meet specifications with fewer 
belts. (Write for Bulletin 6628). 

Space saving, no matching problems, and other 
advantages of the patented R/M Poly-V Drive, a 
revolutionary new concept in heavy duty power 
transmission, are detailed in a special Bulletin 
No. 6638. 

Let R/M rubber specialists work with you on 
V-belts, transmission or conveyor belting, rubber 
hose, molded or extruded parts. 


Lf 


Conveyor 
Beits 


Se 


Industrial and 
Automotive Hose 


Industrial 


1 
! 
! 
| 
| 
| 
| 
| 
Drive Belts I 
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SPECIALISTS IN ASBESTOS, RUBBER, 
SINTERED METAL, ENGINEERED PLASTICS 


Send today for free copy of R/M Bul- 
letin No. 700 on Ray-BOND adhesives, 


protective coatings and sealers. 
Adhesives Department 
Raybestos-Manhattan, Inc. 
Bridgeport, Conn. 


tt, 


Bonding polyethylene plastic firmly for use in sewer and irrigation pipe. 


Cutting Costs—and Corners 
in Product Assembly 


With costs up and profits down, today is a better time than ever to 
check the advantages of adhesive bonding. 

R/M Ray-BOND® Adhesives are now speeding assemblies and 
saving money in a broad range of different applications. Ray-BOND 
Adhesives have excellent bonding qualities and heat stability. They 
resist temperatures from —80°F to +700°F—give superior per- 
formance in meeting widely varied requirements, under many 
different destructive liquids, gases, atmospheres and physical con- 
ditions. And they have an impressive record for simplifying as- 
semblies that were formerly difficult or impossible. 

With over 20 years’ pioneering in the production of bonded as- 
semblies and the manufacture of adhesives and coatings, Raybestos- 
Manhattan is in a special position to demonstrate what adhesive 
bonding could do for you. Write for more specific information on 
your business letterhead now. 


Complete information on pack- 
ings shown and many others is 
given in free booklet. Send for 
it today. 

Packing Division, 
Raybestos-Manhattan, Inc. 
Passaic, N.J. 


PACKINGS 


R/M_ Fabric Piston Cups R/M Vee-Flex Rings 


Controlled molding assures dimensional 
uniformity in R/M Piston Cups and “V-Rings”’ 


R/M piston cups for hydraulic and pneumatic cylinders are 
designed and precision molded from a wide variety of modern 
synthetics to give maximum service with a minimum of friction. 
The clearly defined contours and cleanly trimmed edges as- 
sure strict adherence to industry’s standard sizes. They are 
produced in varying degrees of hardness for pressures up to 
1500 psi. Our engineers will gladly recommend the proper R/M 
piston cup for your specific operating conditions. 

R/M Vee-Flex® packing rings, for use on steam or air rods, 
hot oil pumps, hydraulic cylinders, rams, presses, lifts, and a 
wide variety of other equipment, and precision molded in 
five types in varying degrees of hardness. They are self-sealing 
and self-adjusting for pressures up to 1500 psi. 


RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. « Bridgeport, Conn. « Manheim, Pa. e Paramount, Calif. « No. Charleston, S.C. 
Crawfordsville, Ind. e Neenah, Wis. « Peterborough, Ontario, Canada 


lie 


Sintered Metal Asbestos 
Friction Elements Textiles 


Industrial 


Rubber Lined and 
Adhesives 


Covered Equipment 
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Teflon Tape, Packings 
Sheets, Rods, Tubes 


Engineered Motded 
Rubber and Plastics 
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OYNO Pumps Oceans 


(Pebbles and all) for 


_ RCA WHIRLPOOL 


Washer-Dryer 





Whirlpool Corporation needed a pump with high suction and 
positive displacement for its automatic combination Washer- 
Dryer. Though sparing of water during wash-and-7-rinse cycle, 
each RCA Whirlpool combination circulates oceans during its 

Industrial type Moyno . . . available long life. A Moyno Pump provides the continuous, uniform flow, 

to 500 gpm, pressures to 1000 psi. 1 to 15 gal./min., free from air locking. Most important, even 
relatively large particles—sand, pebbles, children’s pocket loot— 
can’t stop a Moyno Pump! 


In fact, Moyno’s revolutionary, yet simple design can pump any- 
thing that can be forced through a pipe! A helical screw-like rotor 
turning inside a double-helical stator forms progressing cavities 
that don’t squeeze . . . can’t stick or gum up... will not cause 
churning, foaming . . . won't aerate or vapor-lock. On OEM 
products and in pilot plants, small Moynos solve pumping prob- 
lems that are different, difficult or downright destructive to ordi- 
nary pumps. Write today for Bulletin—50-MD! 


ROBBING § MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


P sy & 


cmovermany ® 
HOISTS MOYNO PUMPS PROPELLAIR FANS 
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PRODUCT-DESIGN 


MEMOS FROM DUREZ 


insulative molding compounds 


Official U. S$. Navy photo 


But what if it rains? 


From time immemorial, weather has upset 
the military plans of men. In colonial 
days, wet gunpowder could lose a skir- 
mish. Today, one moisture-affected part 
can nullify months of costly labor on a 
new missile. 

This helps to explain the increasing 
pressure on moisture-resistant insulations 
for electronic parts that must not fail. It 
explains, too, the growing interest in a 
relatively new Durez molding material, 
diallyl phthalate. 

This is the only plastic that retains its 
high insulation values over extended peri- 
ods at relative humidities above 90%. 

Its arc resistance, as measured by ASTM 
D495 (Method A or B), can be consist- 
ently reproduced. 

It does not corrode metal contact points. 

Because it is a thermosetting material, 
it provides virtual freedom from cold flow 
and creep. 

You can get this material from us as an 
orlon-filled granular blue or green mold- 
ing compound with plasticity values of 
10, 12, or 16 by ASTM D731. It is de- 
signed to meet the requirements of Mil-M- 
18794, Type SDI-S. 

For a data sheet detailing properties of 
the compound, and of molded material, 
check the coupon. 


Hetron’ ducts outlast 
metal 

Perhaps you've been thinking of Hetron 
mainly as a fire-retardant polyester ma- 
terial. 
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Corrosion-resistant polyester 


Low-cost control knobs 


It’s true you get outstanding fire retard- 
ance with Hetron. But don’t overlook its 
corrosion resistance, which is equally im- 
pressive in equipment such as this glass- 
reinforced ductwork manufactured by 
duVerre, Inc. 

Venting corrosive fumes from a chemi- 
cal reactor, aluminum ducts failed in 11 
months. Ducts made of Hetron 92 re- 
placed them—and have gone 17 months 
without a sign of deterioration. 

In another plant, Hetron 92 replaces 
rubber-lined steel ductwork which lasted 


duVerre, Inc. 


less than a year under the corrosive bite of 
wet chlorine. The Hetron ductwork, in 
service four years, has required no main- 
tenance and is as sound as the day it was 
installed. 

Because it is self-extinguishing, you can 
safely specify Hetron in many places 
where a conventional polyester won't do. 
Fire retardance is inherent—does not de- 


For more information on Durez materials 


pend on additives that might dilute corro- 
sion resistance. 

Are you taking full advantage of 
Hetron’s unique qualities? A check mark 
on the coupon will bring you an illustrated 
bulletin outlining properties and uses of 
the versatile Hetron resin family. 


Ready-tooled knobs 


Why tool up for a standard item like a 
control knob, when you can buy general- 
purpose knobs like these—probably at a 
good saving? 

Many custom molders can supply knobs 
in Durez phenolic, from stock tooling, to 
fit most standard mountings. You can 
have them hot-stamped with numbers or 
characters; equipped with special motifs. 

Styled as a family, they blend smoothly 
with modern equipment lines; wipe clean 
without dulling; and stand up to heat, 
dampness, and corrosive atmospheres. For 
further information, consult your molder. 


mentioned above, check here 


Diallyl phthalate, Durez 16694 


Hetron polyester resins (bulletin) 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


PLASTICS 


HOOKER 


cuemicars * 
PLasTics 


DIVISION 


HOOKER CHEMICAL CORPORATION 
511 Walck Road, North Tonawanda, N. Y. 
Booths 201, 203, and 205 at the Plastics Industries Exposition 
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Where precise contro! is necessary, customers have been 
relying on Fenwal THERMOSWITCH Temperature Controls for 
years. That’s because Fenwal THERMOSWITCH units are ex- 
tremely sensitive and they last. Consistently they provide 
one half million cycles or more of precision temperature con- 
trol. You get reliability! 

The entire shell is the sensing element of THERMOSWITCH 

5 units, giving more heat responsive area and faster reaction to 
It ~ a temperature change. This, plus a design based on differential 
expansion of metals, gives control in fractions of degrees. You 

get precision control! 


« Fenwal THERMOSWITCH units can help your equipment run 
Life Saver faster, require less maintenance, and be more flexible. For 
information on the model best for your application, write to 
Fenwal Incorporated, 1911 Pleasant Street, Ashland, Massa- 


chusetts, and we'll send you our catalog MC-135 or a sales 


because this sensitive engineer, whichever you want. 


Fenwal THERMOSWITCH? unit controls temperature precisely 


This is our series 17000 in an artificial kidney. This medical equipment has 
been instrumental in saving the lives of many people suffering from uremic 
poisoning. Each time the patient’s blood passes through the artificial kidney, 
more poison is filtered out. The Fenwal THERMOSWITCH unit controls the 
rinsing bath so that blood returns to the patient at body temperature. 





CONTROLS TEMPERATURE... PRECISELY 
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*% Easy to cut 


Tapered gears, although not commonly used, 
offer a number of advantages when you have a 
design problem requiring an angular relation- 
ship between gear shafts. Production is no prob- 
lem because, with the proper fixtures, tapered 
gears can be cut rapidly and economically on a 
Fellows Gear Shaper. 


The tapered gear is simply one whose axis is 
at an angle to that of the conventional spur or 
helical gear with which it meshes. If the two 
axes are at right angles, the “tapered” gear 
becomes a face gear. If the axes are parallel, it 
is an ordinary cylindrical gear. : 


THE 


* Useful though uncommon 


As a result of the use of tapered gears in an air- 
craft engine, an article giving basic formulae 
and design considerations was written by a 
Fellows engineer and published in 1948. In- 
creased interest in this type of gear has since 
resulted in a number of other applications in 
machine tools, marine drives, speed reducers 
and missile projectors. 


Because of this increased interest, reprints of 
the article, “Designing Tapered Gears,” are 
being made available. If you would like a copy, 
simply write to our main plant in Springfield, 
Vermont. 


THE FELLOWS GEAR SHAPER COMPANY 
78 River Street, Springfield, Vermont 
Branch Offices: 
1048 North Woodward Ave., Royal Oak, Mich. 
150 West Pleasant Ave., Maywood, N. J. 
5835 West North Avenue, Chicago 39 
6214 West Manchester Ave., Los Angeles 45 


PRECISION 


LINE Gear Production Equipment 
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PYRAMIDING 
DESIGN © 
TALENT 4 


Thin sections, holes, bosses, metal 
savers, odd shapes all produced in a 
split second—from molten metal. 

No other process can compete with 


with MADI — © N-KIiPP this for eye appeal or low cost. 
zinc and aluminum astings 


aco 


When product designers send preliminary drawings for critical review by 





the seasoned Madison-Kipp mechanics, it has often proved to be the decisive 


factor in the ultimate design of the component parts. 


The original designer thoroughly understands the function of his product. 
We thoroughly understand die casting and machining problems. Combining the 
two skills at an early period of development is logical and valuable. 

Our customers of long standing always utilize this system which virtually 


pyramids design talent for successful high production manufacturing. 


Please clip this ad as a reminder to contact us when you have die casting 


requirements. 


e)°e MADISON-KIPP CORPORATION 


210 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering © Originators of Really High Speed Air Tools 
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... performance 
beyond the 
usual... 








Design of high-speed precision 
machinery often calls for bearings 
which offer the utmost in load ca- 
pacity, “hot hardness”, dimensional 
stability. Each machine presents its 
own exacting requirements. 


Fulfillment of unusual requirement 
combinations is a specialty at Roll- 
way. Your selection of exactly the 
right precision radial cylindrical 
roller bearing is assured by: 


@ A broad range of types and sizes, 


a 0 LLW R ky numbered in the thousands 


@ Retainers of standard bronze or 


“Rollube” ferrous alloy, in roller- 
riding, land-riding, or broached 
| construction 


@ Crowned rollers 
BEARINGS @ Modification of any factor to meet 


your application 





o further implement your choice, the Rollway 
To furth ] t h the Roll 

] gi ing Da ok contains th 
Catalog and Engineering Data Book contains the 
irst listing, by any manufacturer, of the thrus 
first listing, b fact f t thrust 
capacities of cylindrical radial roller bearings. 


ROLLWAY BEARING CO.., Inc., Syracuse 1, N. Y. 


ROLLWAY 


Ngo ximum 
ROLLER BEARINGS 


ENGINEERING OFFICES 


Syracuse ¢ Boston e Chicago 
Detroit « Pittsburgh ¢ Seattle 
Cleveland « San Francisco 
Houston e« Los Angeles 
Philadelphia « Toronto 
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/ERSING MOTORS 


FOR YOUR PRODUCT 


. « « Franklin Motors with INST-O-VERSE® apply full power 
for instant reversing in response to 
manual or automatic signal. 








1/6 H.P. through 
1 H.P. 


INST= “O=VERSE 


EXAMINE 
prs og f oe patent-protected device employs — new principle. Motor re- 
BOOTHS 484-486 ve na versal is instant due to independence from relays or delaying mechanical 
AT THE DESIGN SHOW gc contact with centrifugal switch. Silver contacts on shaft-riding, low-friction 
nylon “shoes” are automatically preset for reversal with each rotation change. 

Superior longevity over conventional mechanisms results because INST-O-VERSE does 

not interrupt a circuit and is not subject to contact arcing. The device is completely pro- 


tected from dirt or damage in the covered end bell of the motor. 


INSTANTLY UTILIZES FULL TORQUE CAPACITY 
OF MOTOR FOR REVERSING ROTATION 


AVAILABLE IN 1 PH., 1725 R.P.M., 115 OR 230 V., 1/6 THROUGH 1 H.P., SLEEVE OR BALL BEARING MOTORS. 
NEMA FRAME, OR APPLICATION-ENGINEERED MOUNTINGS. 

REVERSING ACTION OF 1-PHASE FRANKLIN INST-O-VERSE MOTORS 1S EQUAL TO CONVENTIONAL THREE- 
PHASE REVERSING MOTORS. 

INST-O-VERSE ENABLES USE OF 1-PHASE INSTEAD OF 3-PHASE MOTORS FOR CUTTING COSTS. . 


Franklin Electric Co., Ine. 


345 EAST SPRING STREET a BLUFFTON, INDIANA 


Write for your copy of 
“INST-O-VERSE MOTORS.” 
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TORRINGTON CRACKS THE NOISE PROBLEM The squeeze toward compactness in room 
air conditioners has forced the decibel level up to the point that noise is now the No. 1 problem. 1 In 
anticipation of this trend, two years ago Torrington’s air impeller laboratories went to work on “noise.” 
I The result is the revolutionary Torrington H Wheel—one of the most important breakthroughs in air 
conditioning history. § In one room air conditioner application test the H Wheel reduced the noise level 
from 63 to 53 decibels; and it was less than one half as loud. 1 Torrington’s engineering department is 
now offering samples of the H-Series Wheel for evaluation in your new product development program. 
THE TORRINGTON MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT ¢ VAN NUYS. CALIFORNIA ee OAKVILLE. ONTARIO 
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Give your design the advantages of 


SY MCHRO(S ru4iNG MOTORS 
san ADIIty 


Adaptability 
Power-packed SYNCHRON Timing Motors are midget-sized to 
fit extremely close places. Adaptable to powering timing machines, 


action signs, recording thermometers, switches, heating and air 


conditioning devices. 


SYNCHRON Timing Motors pull up to 20 in. oz. at 1 r.p.m.: 
operate efficiently at temperatures from —40°F. to +140°F. Each 
motor must pass 51 inspections and a grueling test under power 


before shipment. UL and CSA approvals 


Every construction feature performance proven! 


8 GEAR CASE SEALED against oil leakage 
to permit mounting in any position. 


] PATENTED TWO-PIECE FIELD STRUCTURE 3 ALUMINUM ROTOR RING SUPPORT. 
having wide and narrow poles, with rotor 

that rotates between inner and outer field 4 PATENTED, HARDENED STEEL ROTOR 
poles. The inner and outer poles are RING 

properly shaded with heavy, continuous 
copper rings to assure maximum starting 
and running torque. 


FOUR CONVENIENT MOUNTING HOLES. 


5 Oll STORAGE RESERVOIR with patented 
oil feed to bearings. 


BRASS GEARS. 


STEEL PINIONS. Note: Brass against steel 
6 HEAVY BRASS ROTOR COVER. assures longer life. 
DOUBLE BEARINGS in reduction train on 


rotor shaft assure smooth operation BAKELITE GEAR for quiet operation. 


7 DOUBLE BEARINGS ON OUTPUT SHAFT. 





HANSEN 
MAGNA-TORC 


DC MOTOR 
Designed for aircraft 


SLO-MOTION HANSEN 
SYNCHRON CLOCK 


(1 R.P.H.) MOVEMENTS 
A new timing motor For standard and off- 


HI-TORQUE 
TIMING MOTOR 
(20 IN. OZ.) 


STANDARD 
TIMING MOTOR 
(8 IN. OZ.) 


space saving dimen- 
sions, with rotor and 
coil packed in a 
sturdy hand - sized 
case. Used in timing 


Compactly built to There's big power 


packed into this ver- 
satile timing motor. 
One year guarantee. 
Dependable, accurate, 
trouble-free. Guaran- 


developed especially 
for slow motion jobs. 
Guaranteed 20 in. oz. 
at 1 ep.h. (1/60 
r.p-m.) 


ice clocks, sign clocks, 
novelty clocks, a 

clocks of all kinds up 
to 26” in diameter 
under glass. Precision 


instruments and radio 
controls. 

Forces applications 
have proved its top 
performance  world- 
wide under all op- 


devices and controls teed torque 20 in. oz. power with a Syna- ‘ 
of all types. Guar- at 1 r.p.m. chron timing motor. erating conditions. 
anteed torque 8% in. Easily adapted to 
oz. at 1 r.p.m. commercial uses. 























“Write for Synchron Catalog or See It In Sweet's’’. 


synchronous motors, timing machines, 
clock movements, magnatorc DC motors 


on age 


HANSEN MFG. CO., INC. Princeton 12, Indiana 


oOuR sSOoOTH YEAR 


FOR FULL INFORMATION CALL OR WRITE TODAY 


HANSEN REPRESENTATIVES: The Fromm Co., 5150 W. Madison St., Chicago, Ill.; Winslow Electric Co., New York, N.Y., Chester, 
Conn., Philadelphia, Cleveland; Electric Motor Engineering, Inc., Los Angeles WEBSTER 3-7591 and Oakland, Calif.; H. C. Johnson 
Agencies, Inc., Rochester, Buffalo, Syracuse, Binghamton and Schenectady, New York 
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CRUCIBLE 
FATIGUE-RESISTANT 
SPRINGS 


“made stronger to last longer” 


Crucible fatigue-resistant springs have far greater 
durability than ordinary springs. Furthermore, 
these springs, section for section, can take heavier 
compressive, tensile or torsional loads than ordi- 
nary springs. That’s because they’re shot peened. 
This process imposes a compressive stress on the 


lead to premature failure in a conventional spring. 

Try Crucible fatigue-resistant springs for lighter 
springs of improved design, greater precision and 
longer service life. For complete details, send for 
the Crucible “Coil Spring Design” handbook. Ask 
a Crucible spring specialist to call, too. Write: 
spring surfaces that offsets stresses set up in serv- Spring Division, Crucible Steel Company of 
ice. It also conditions the surfaces, and eliminates America, McCandless Avenue, Pittsburgh 1, Pa. 
minute stress concentration points which could 





CRUCIBLE | HEAVY-DUTY COIL SPRINGS 
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HIGH PRESSURE ASSEMBLIES 


SWE 


CS 


INSTANT response means extra POWER. 
Improving the “Power-Performance Ratio” 
of your equipment may mean an extra bucket 
per minute, extra tons per hour, extra loads 


per day. 


With the increasing emphasis on POWER, 
it pays to safeguard the most important link 
in your hydraulic system with Eastman High 
Pressure Hose and Tube Assemblies. 


Eastman Coupling Design gives you maxi- 
mum orifice, consistent with essential safety 
and strength, to provide “trigger-response” 
through unrestricted flow from pump to point 
of work—plus prompt return. 


BENT TUBING TO YOUR SPECIFICATIONS 


Eastman’s modern, hydraulically-controlled 
tube bending equipment provides bent tubing 
to your precise specifications—made with 
flared or beaded ends for your required fit- 
tings. Quality workmanship assures satisfac- 
tory performance. Mass production economies 
assure Competitive quotations. 


For positive power delivery and efficiency 
throughout your hydraulic system—plus ap- 
pearance and sales appeal—it pays to specify 
Eastman High Pressure Hose and Tube As- 
semblies for your original equipment. 


WRITE FOR HIGH PRESSURE CATALOG! 


Haotca em Go ou main it ec 


inthe out latest Technical Bulletins, 


aces COMPANY 


Dept. MD-11 e MANITOWOC, WISCONSIN 


Catalogs and Special Inserts. 
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New MICKERS building block |concept applied to 











CONSTANT Versatility 
SPEED DRIVES ) High Efficiency 


Fast Delivery 


for 400 cycle A.C. i 
r cycle A.C. electrical systems Low Cost 


PRECISION ELECTRIC i 
CONTROLLER Frequency control + 0.1%. Uses electronic VARIABLE DISPLACEMENT 
gonegeeso- mee frequency controller to regulate pump dis- PRESSURE FROM UTILITY 
29 =e aint placement. System pressure is function HYDRAULIC SYSTEM \ 
of load. € 














meme ad 





ALTERNATOR — 
Frequency contro! +0.25%. Uses load sensi- 
DISPLACEMENT | tive system to match infinitely variable 
MOTOR electrical load. System pressure is constant, + 
flow demand is load dependent. . 





























RETURN TO UTILITY 


HYDRAULIC SYSTEM R v 
Crees ALTERNATOR 


@ Using this “building block” construction, Vickers 
Constant Speed Drives are assembled to exact 
requirements from the abundance of Vickers 
standard and proven components. Practically any 
characteristics you need can be quickly adapted 
to the existing Vickers product mix. These include: 


FREQUENCY CONTROL 


+ 3% with hydraulic control Frequency control + 0.1%. Uses electronic 
+ 0.1% with electronic control (or better if desired) —s signal to trim hydraulic flow 
control. System pressure is constant. 
VERSATILITY tic 


1 to 75 hp with standard hardware 
Flexibility of package shape and location 


HIGH EFFICIENCY 
Volumetric efficiency of either pumps or hydraulic 
motors is 96% at 3000 psi. This together with 
optimum matching of components results in very 
high system overall efficiency. 


MINIMUM WEIGHT 
Significant optimization engineering can be 
applied to your system design considerations 
from similar Vickers application experience. 


OVERLOAD CAPACITY 
Depending upon system requirements, overload Frequency control + 3%. Uses hydraulic flow 
capacity of from 120% to 200% can be provided. control only. System pressure is constant. 


For further information, write for Bulletin SE-100. 
Frequency control + 3%. Uses hydraulic flow 
control to supply single or dual motors de- 
pending upon load variations. System pres- 
sure is constant. 





VICKERS INCORPORATED 
DIVISION OF SPERRY RAND CORPORATION 
Aero Hydraulics Division—Engineering, Sales and Service Offices: 
ADMINISTRATIVE and TORRANCE, CALIFORNIA 
ENGINEERING CENTER 3201 Lomita Bivd. « P.O. Box 2003 
Department 1430 « Detroit 32, Mich. Torrance, California 
Aero Hydraulics Division District Sales and Service Offices: 


Albertson, Long Island, N. Y. « Arlington, Texas 
Seattle 4, Washington ¢ Washington 5, D.C. 
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DO YOU KNOW YOUR BEVEL GEARS? 





HYPOID (TO 48” DIA.) 


makes them all 


Phillie Gear is equipped with the “know-how”, the manpower, and latest 

facilities to manufacture the entire family of Bevel Gearing—sizes and capac- 

ities range from the very small to the most massive sizes obtainable. Ultra 

Precision ground tooth Spiral Bevel Gears are available up to 23’’ diameter. 

All types and sizes of gears produced by ‘'Phillie”’ are made to the highest 

standards of Engineering skill and exactitude—they are the culmination of over 

‘ a 65 years’ experience, and are produced on the very latest machines by skilled 

P hiladelphia ; craftsmen—in a nutshell, Phillie Gear offers, not only the finest gears obtainable, 
Gears | but prompt and courteous service as well. 


Send for our 72 page "Gear Book” SPUR * HELICAL « SPUR INTERNAL « HELICAL INTERNAL * RACK * HERRINGBONE 
G-127. Please use your Business * WORM * NON-METALLIC « SPLINES * CONIFLEX BEVEL « SPIRAL BEVEL » ZEROL 
Letterhead when requesting a copy. * HYPOID « INTERMITTENT * SPROCKETS * CONTRACT MACHINE WORK 


| 

& a ® 
phillie gear PHILADELPHIA GEAR CORPORATION 
ERIE AVE. &G STREET. PHILADELPHIA 34, PENNA. 


Offices in all Principal Cities 





INDUSTRIAL GEARS & SPEED REDUCERS + LIMITORQUE VALVE CONTROLS * FLUID MIXERS ¢ FLEXIBLE COUPLINGS 
Virginia Gear & Machine Corp. e Lynchburg, Va. 


78 Circle 457 on Page 19 MACHINE DESIGN 





STEEL SHAPED TO CUT COSTS AND IMPROVE PRODUCTS 


‘ ; 2s this cost-saving production 
change with Dick Sprucebank, Grating Shop Foreman, and Mr. P. H. Rawlins, Division Purchasing Agent. 


Stair tread nose plate made in one operation 
from steel already rolled to shape 


One operation — sawing — completed this nose 
plate made from a special angle section rolled 
with a raised tread on the top side. Sawing 8 
to 10 bars at a time speeds up operations, 
saves time and money. 


Blaw Knox Company, Pittsburgh, 
makes thousands of open grate stair 


20-foot lengths of steel. The result 
was substantial savings in cost. 
USS Special Sections can be made 


in many forms so that mass-produced 


treads yearly. The nose plate was 
previously fabricated in such a way 
that excessive scrap losses and high parts can be cut to length as re- 


costs were often incurred. quired and processed to finished 


To solve this problem, U.S. Steel 
suggested a special angle section with 
a raised tread rolled on the top side. 
This eliminated shearing and form- 
ing operations, and the resulting 
scrap loss. The nose pieces could be 
sawed 8 or 10 bars at a time from 


United States Stee! Corporation— Pittsburgh 
Columbia-Geneva Stee! — San Francisco 
Tennessee Coal & iron— Fairfield, Alabama 
United States Steel Export Company 


Please direct inquiries to advertiser, 


mentioning MACHINE 


parts by simplified fabrication. Fre- 
quently, this method will substanti- 
ally reduce costs and result in 
improved parts. Why not write for 
complete information? United States 
Steel, 525 William Penn Place, 
Pittsburgh 30, Pa. 


USS 


United States Steel 


g 





The HOLE Story Of Die Casting Savings 


PARKER SALES ENGINEERS 
BELLEFONTE, Penna 


Worren G. Olson * 420 East Linn Street 


CHICAGO 49, Ill 


Ollie J. Berger Company * 2059 East 72 Street 


DAYTON 4, Ohio 


William C. Twiss © 9 


915 Valley Street 


DETROIT 35, Mich 


Hodgson-Geisler Co. * 1891 C 


7 James Couzens 
GIRARD, Penna 
Daniel F. Marsh * 35 Chestnut Street 


LONG BEACH 11, California 


R. W. Fletcher * 2803 Loomis Avenue 


MINNEAPOLIS 16, Minn 
0. R. Kreutziger * 6524 Walker Street 


PHOENIX, Arizona 
Fred B. Larsen * 6108 North 11 Avenue 


$T. LOUIS 8, Mo 
Frank May * 4378 Lindel! Boulevard 


SYRACUSE, N. Y 
J. C. Palmer © 712 State Tower Bidg 


WILTON, Conn 
Girard L. Palmer ¢ Belden Hill Road 


WINTER PARK, Florida 
Duane P. Davis * 110 South Orlando Avenue 
Box 26 


These close tolerance holes could have cost more than the 
part itself. Actually, they cost practically nothing! Parker- 
engineered die casting makes the difference. By means of 
precision coring, the holes are cast to exact diameter and loca- 
tion .. . a bonus in the low unit cost of producing the complete 
part. Just think of the savings compared with other production 
methods requiring finish machining, 


The creative engineering approach that made these savings 
possible has been the hallmark of Parker service since 1906. It is 
the plus factor that is never figured into a Parker estimate. If you 
are a Parker customer, you know this is so. If you are not, you 
can profitably prove it to yourself by consulting the nearest 
Parker sales engineer on your next component part requirement. 


Parker White Metal Company ¢ 2153 McKinley Ave., Erie, Pennsylvania 


high pressure 
die castings in 
ALUMINUM « ZINC 


PARKER 


POWDERED METAL PARTS 


MACHINE DESIGN 
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“straight through” — 


dual-sweep 
ventilation eliminates 
“hot spots” 


full height 


end head © 


protection 


Mylar* 
insulation 
increases motor 


life 


bearings easily 
inspected by 
removing cover 
plate 


permanently 
numbered leads 
simplify installation 
and maintenance 


*DuPont reaistered trademark. 
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«. at standard motor prices 


R&M Series 254U Motors help pay their own way from the minute 
you flip the switch! They stoutly resist any hostile environment — 
moisture, dirt, heat, acid or alkaline fumes— and so live longer. 
They have push-pull ventilation that won't let dirt settle and keeps 
motor internally cool—and so perform with full, brisk efficiency. 
Their oversize bearings are quick and easy to inspect and relubri- 
cate— so your maintenance costs dwindle. 

This long, trouble-free, vigorous motor life is what R&M means 
by “Premium Performance”—an extra reward in service and 
savings every R&M motor offers. These and other big, money- 
saving advantages shown at left cost no more... R&M motors 
carry standard motor prices! 


Write today for R&M Bulletin 520-MD! 


Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING ¢ MYERS, Ww. © 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 


P “sy @ 


moverma, 


® ® 
HOISTS MOYNO PUMPS PROPELLAIR FANS 
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Get 


WITH 


WEATHERHEAD 


Hose assemblies, hose and hose ends, both perma- 
nently attached and reusable to meet any O.E.M. 
requirement. That's what Weatherhead offers you. 
Permits unlimited design possibilities. 


HOSE ASSEMBLIES 


WITH REUSABLE HOSE ENDS 








1,000 -F.S-F. 




















PRESSURES TO 





1 Bek 








| 


Steel “D” Style H-69 Clamp-Type 





2 i/e 





HOSE ASSEMBLIES 


WITH PERMANENTLY ATTACHED HOSE ENDS 


1/8" 

















Tube-Hose 
Assemblies 








Crimped 





BULK HOSE FROM 





Weatherhead has perfected swaging and crimping 
machines which permit O.E.M. production of quality 
permanent hose assemblies at reduced cost. Write 
for complete information. 


&) WEATHERHEAD 








and many others 





THE WEATHERHEAD CO., FORT WAYNE DIVISION 
Dept. AB-11, 128 West rege Sg Bivd., Fort Wayne, Indians 
In Canada: The Weatherhead Co., » St. Thomas, Ontario 
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The Pro 


OMERSET Maugham tells the 
M story of a young man with an 

all-consuming desire to become 
a professional pianist of the first 
rank. He couldn’t bear to live when 
told that he lacked what it takes 
to be anything more than a com- 
petent amateur: “In art the differ- 
ence between the amateur and the 
professional is immeasurable.” 

In engineering, fortunately, the 
difference is not so immeasurable. 
At least, the competent amateur 
can upgrade his performance to a 
reasonably professional level. 

How plentiful are the pros? His- 
tory of the demand for engineers 
suggests the answer. Through de- 
pressions, recessions, booms, and 
wars the demand for the pro never 
lets up, is never fully satisfied. But 
the amateurs who stay amateurs 
really feel the pinch of economic 
setbacks. 

The pro has thoroughly mastered 


the art, science, and techniques of 
a particular branch of engineering. 
To attain such eminence entails 
discipline, concentration, endless 
practice, the sacrifice of other in- 
terests. The professional musician— 
as well as the professional ball 
player—knows this full well. 

Are the incentives adequate? To 
some the satisfaction of doing a 
high-level professional job is its own 
reward. But it isn’t sensible to count 
on such built-in incentive. It won’t 
furnish enough pros to meet today’s 
needs. 

Top management must be pre- 
pared to recognize and suitably re- 
ward pro-level talent. Eminent pro- 
fessional achievement in the tech- 
nical field should be worth at least 
the status accorded successful selling, 
supervision, or management. 

Even with the highest incentives 
there will never be too many au- 
thentic pros. 


wa Aatwrslanl 
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Methods of Locating and Dimensioning Holes 








vs 




















Locate round holes with related Tie together and locate a Locate rectangular cutouts 

holes or slots to center lines of group of holes that must and slots with related 

center hole match with a similar holes or slots on a com- 
group on mating parts mon center line 


Locate large slots (for other Locate screw-clearance slots to Locate open-end Dimension corner 
than screw clearance) dimen- center lines to provide a ready slots to center lines notches for actual 
sionally to center lines and one check on mounting-screw lo- material removed 
end cation 




















LOCATING BASE LINES 
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LOCATING BASE |LINES 
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Fig. 1— Conventional rectangular dimensioning 
method in which dimensions are measured in paral- 
lel sequence from mutually perpendicular base lines 
Fig. 2—Typical modified dimensioning prac- 
tice. A portion of the dimension line and 
the arrowhead are omitted between the hole 
center lines and locating base line. Over-all 
dimensions are shown complete 
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PRACTICAL 
DIMENSIONING 
PRACTICES 


By R. E. RUCKSTAHL and  G. A. LARSON 
Manager, Drawing Office Engineer, Drawing Office 
Air Arm Div 
Westinghouse Electric Corp 
Baltimore, Md 


Spree practices tailored to the needs pany standards into a manual for ready reference 


of an organization, generally represent a com- Dimensioning methods shown here form part of a 
promise on drawing policy between engineer- drafting manual whose setup and maintenance are 
ing and manufacturing. However, these practices, covered in a previous Macuine Desicn article.* Al- 
while aimed at insuring correct interpretation of | though these methods were developed primarily for 
drawings by those handling them, should conform sheet-metal dimensioning such as in chassis design, 
to military and commercial standards. they are applicable to many types of layout. 
Establishing a general policy for dimensioning is 
best accomplished by incorporating acceptable com- ak the an Gcer ts 
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PRACTICAL DIMENSIONING PRACTICE 


Properly prepared and applied, a standardized 
presentation will: 


|. Provide a source of ready information on company 


procedure for experienced draftsmen. 
2. Provide a training aid for apprentice draftsmen. 
3. Curtail misinterpretation of drawing requirements. 
4. Reduce the possibility of producing or passing an un- 


acceptable part 


Progressive Dimensioning: To avoid accumulation 
of tolerances through chain dimensions, a base line 
should be established from which the majority of 
dimensions can originate. Selection of a base line is 
affected by design requirements and the relation- 
ship of components or mating parts. Usually, an 





Fig. 4—A portion of a complicated draw- 
ing which requires dimensions on the 
view rather than outside of it as pre- 


ferred 


i 
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edge is given first preference, but a centerline or 
hole may be used. 

The preferred method of dimensioning is the con- 
ventional method, Fig. 1, which illustrates a func- 
tional requirement between the four corner holes of 
the part. Basically, this method is the rectangular 
dimensioning system in which distances, location, 
and sizes of holes are indicated by means of linear di- 
mensions measured in parallel sequence from base 
lines or from planes perpendicular to each other. 

When a large number of dimensions must be in- 
dicated by the conventional method, drawing space 
can be greatly reduced by using a modified form of 
dimensioning called “progressive dimensioning.” 
Generally, a set of co-ordinate base lines are estab- 
lished by selecting two edges at right angles and are 
identified by the note “Locating Base Lines.” Di- 
mensions are applied by omitting the portion of 
the dimension line and the arrow head between 
the dimension and the base line. Over-all dimensions 
are the exception; they are shown complete, Fig. 2 

One or more complete dimensions may follow 
in alignment with a progressive dimension. However, 
a progressive dimension should never follow in align- 
ment with a complete dimension as confusion may 
result relative to location of the base line, Fig. 3. 

Wherever possible, dimensions should be placed 
outside of the view. In many cases, particularly 
in complicated drawings, it may be necessary to 
show dimensions on the view by placing them close 
to features dimensioned, Fig. 4. 

Functional requirements may necessitate use of 
auxiliary base lines in other sections of the detail 
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Fig. 6—Dimensioning hole patterns. 


A hole legend and hole plan are ar- 
ranged outside the detailed plan view which shows only hole location by 
progressive dimensioning. Angles are shown in the hole plan only when the 
same pattern appears at the same angle in all locations. Otherwise, hole 
plans are shown on the horizontal, and the angle is dimensioned on the plan 
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drawing when applicable dimension space is limited. 
To further substantiate, each dimension in each 
group should be symbolized referring back to its 
common base line. Each auxiliary base line should 
be referenced with a note Locating Base Line for Di- 
mension Marked* and the primary base line refer- 
enced Locating Base Line Except as Shown, Fig. 5. 


Dimensioning Hole Patterns: Parts having numer- 
ous holes and hole plans may be dimensioned by a 
legend and plans outside the details, Fig. 6. In- 
dividual hole plans can be standardized by showing 
them on the drawing exactly as they appear on 
Recommended Hole Patterns sheets. Generally, for 
most complicated detailed parts, when it has been 
decided to use hole plans, it is advantageous also 
to use a legend for remaining holes. These should 
be designated in alphabetical sequence. 

All locating dimensions for holes or hole plans 
are generally referred to the upper left flanged sur- 
faces or outlined edges. A good reason for deviation 
from this rule is the consideration of how the holes 
should be located so as to go through the fewest 
number of bends when figuring the developed lo- 
cation. When this condition exists, reference to the 
lower right hand corner may be preferable. 

Frequently, in the case of slots, mounting holes 
for tube sockets and connectors, or any other pattern 
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of holes, it is preferable to show positions on an 
angle. Therefore, the angular dimension must be 
included as shown in Fig. 6. When the same pat- 
tern appears at the same angle in all locations, 
show the angle in the hole plan. If the same pattern 
appears in several places but in various angular 
positions, show the hole plan on the horizontal and 
indicate the angle on the view. Angles recommended 
are multiples of 15 and/or 22! deg from 0 to 180 
deg. 

As a general rule, rectangular cutouts with related 
holes around the cutout are dimensioned as shown 
in Hole Plan E, Fig. 6. The cutout is located by one 
set of dimensions and the holes by another set. An 
exception to this rule, due to functional requirements, 
is to locate the round holes first, then locate the 
cutout from the holes. 


They Say... 





“As engineers fail to communicate to others the 
character of their professional work, they lose de- 
served recognition and lessen their opportunity to 
serve humanity.”” — Louis R. Howson, president, 
American Society of Civil Engineers. 





scanning the field for ideas 


Thermal drive develops 
linear motion by controlling 


pressure of Freon vapor in a 
closed circuit. In the Swart- 


wout Thermo-Drive Actuator, 


vapor pressure operates a bel- 
lows to move the actuating 
stem. Vapor pressure is pro- 
duced by constant heating of 
liquid Freon. Control action 
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is achieved by varying the 
bleed rate of the Freon vapor 
into a finned, ambient-exposed 
condensor. The rate of bleed 
is controlled by a release valve, 
operated through an external 
signal. When the bleed rate is 
decreased, vapor pressure in- 
creases, and the bellows is com- 
pressed. Conversely, an_ in- 
crease in the bleed rate per- 
mits the bellows to expand. 
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Rubbing wire strands i» ee 
taut cable supports damp high aaatt tadiher 

or low-frequency vibration. In 

the Finnflex vibration-isolation 

assembly, the isolated unit is sup- 

ported by means of multiple ca- 

ble loops attached to the base se NL F 
frame. Rubbing of the wire 

strands during cable movement Mounting bor 





produces a friction-damping ac- 
tion. Variation in damping ef- 
fect is obtained by changing the 
cable length, diameter, material, 
or number of strands. 
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A, Yoke assembly 


Magnetic thermostat utilizes demagnetizing effect of elevated temperatures 
to operate an electric control circuit. In the Weller Magnastat soldering iron, 
a thermo-magnetic sensing element, which loses its ability to accept magnetism 
above a critical temperature, acts with a permanent magnet to control the heating 
of a soldering tip. A rod and yoke assembly connects the magnet to a switch 
contact, which is held open by a compression spring. When the temperature 
of the sensing element is below its critical temperature, it is attracted by the mag- 
net and closes the contact, permitting current to flow through the heating element 
When the tip and sensing element reach the critical temperature, the sensing 
element loses its magnetic characteristics and is released by the magnet to open 
the circuit contacts. 
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Designing 
PHOTOELECTRIC 


By J. J. LAREW 
Specialty Control Dept. 
General Electric Co. 
Waynesboro, Va. 
































Instantaneous response to the absence or presence 
of a light beam makes “electric eyes” ideal solutions 
to many machine-control problems. These photo- 
electric controls offer the designer the tremendous 
advantage of not physically touching parts being 
measured, counted, inspected, or otherwise sensed. 
As pointed out here, each element in a photoelectric 
control system must be carefully selected and ap- 
plied—including the light source, lenses, light filters, 
photosensitive detector, amplifier, and control relay. 


HOTOELECTRIC relays offer ideal solutions 

to many problems in automatic machine con- 

trol. A photoelectric relay system is composed 
of a light source, optical parts, photosensitive de- 
tector, and an amplifier with an output relay, Fig. 1. 
Each of the system elements plays an important de- 
sign role. 


Light Sources 


A low-voltage incandescent lamp is usually used 
in combination with a lens to provide a beam of 
light for operation at a distance, or a concentrated 
spot of light for scanning near-by objects. 


“J Ed § f z ¥ 


Lamps with short, heavy filaments are better in 
photoelectric relay systems than lamps designed with 
long, thin filaments for three reasons. First, the 
larger thermal inertia of a heavy filament develops 
less flicker when operating on alternating current. 
High-speed photoelectric relays respond to even 
120-cycle flicker and may buzz or operate erratically 
if appreciable flicker is present in the light source. 


Fig. 1—Photoelectric control unit designed with a heavy-duty output relay. The tubes make 
up the amplifier and power supply. e operator is setting the light-level adjustment 
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Second, the heavier filament structure is more re- 
sistant to shock and vibration. Third, heavy fila- 
ments more nearly approach a point source of light 
and produce more light intensity at the receiver 
for a given power dissipation. Short, heavy fila- 
ments are used in low-voltage lamps, and auto- 
motive type lamps are frequently used. Several typ- 
ical light-source lamps suitable for photoelectric-re- 
lay applications are shown in Fig. 2. 


Prefocused lamps and other special optical lamps 
maintain the shape and location of the filament 


within close tolerances. The lamp used should be one 
designed for optical use. Candelabra or “screw-in” 
type bases are generally not suitable since filament 
orientation is not constant, and the bulbs may loosen 
in the presence of vibration. 


Maximum light intensity is obtained by using a 
large lens and higher applied voltages. A lamp 
with higher candlepower rating may produce little 
increase in intensity since it may be built with a 
larger filament operating at the same temperature, 
resulting in a larger image at the receiver but no 
increase in intensity. In Fig. 3 is a typical plot of 
light output and lamp life versus voltage. It is ap- 
parent that a great increase in light can be obtained 
at the expense of lamp life. The type of lamps 
ordinarily used should be operated considerably 
below rated voltage to obtain long life. 

For other than point light sources, intensity in 
foot-candles produced at the photosensitive detector 
is inversely proportional to the square of the dis- 
tance between the light source and the detector. 
Distance must be carefully considered in choosing 
a light source for a particular application. The 
sensitivity of the photoelectric relay is usually ex- 
pressed in terms of minimum change in light in- 
tensity required for reliable operation. 
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Fig. 2—Typical bayonet-base 
lamps with heavy filaments 
suitable for photoelectric relay 
system light sources. From top 
to bottom, lamp number desig- 
mations are 1608, 4A/T8/25, 
1325, and 1489 


Bulb blackening will always occur at the “top” 
of the lamp in its burning position. Blackening 
will not pose a serious problem unless the light 
beam is projected vertically upward through the 
blackened portion of the glass 


Infrared light is generally used where it is de- 
sirable to have an invisible light beam. Ultraviolet 
light is often used to cause fluorescence of some ma- 
terial, the visible light thus produced being used 
to operate the photoelectric relay. 

Infrared transmitting filters, Fig. 4, exclude almost 
all visible light and enable a standard incandescent 
lamp to be used as a convenient source of infrared 
Where the photosensitive detector is sensitive to 
both visible and infrared light, an infrared filter will 
cause some reduction in over-all system sensitivity. 
This reduction amounts to 40 per cent with the filter 
in Fig. 4 and a red-sensitive phototube having an 
SI response, Fig. 5. 


Photosensitive Detectors 


Several of the more common photosensitive de 
tectors are shown in Fig. 6. Phototubes or photo 
cells are now available with almost every conceiv- 
able shape, size, impedance, and spectral sensitivity 
Because of the widely different output signal and 
impedance levels available, the choice of the photo- 
sensitive detector and its amplifier must be closely 
co-ordinated. Usually the amplifier is suitable for 
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use with a given class of detectors and a consider- 
able variety of tubes or cells are available within 
this class. 


Photoemissive tubes contain a light-sensitive cath- 
ode and an anode within a glass envelope which 
may be evacuated or contain a small amount of 
gas. Light striking the cathode causes emission of 
electrons which are drawn to the anode when a 
positive voltage is applied, resulting in anode cur- 
rent proportional to light intensity. The spectral- 
response characteristic is determined by the com- 
position of the light-sensitive coating of the cathode. 
In Fig. 5 are two typical response curves together 
with the response curve of an average human eye. 
One of these tubes is primarily sensitive to blue 
and ultraviolet light and the other to red and 
infrared light. Where the application involves 
simply the making and breaking of a beam of white 
light, either of the tubes will generally work satis- 
factorily since white light contains all colors to some 
degree. In reflected light systems, certain portions 
of the spectrum will be absorbed to a greater de- 
gree than others by the reflecting surface, and one 
spectral response characteristic will prove to be 
more suitable than another. Experience has shown 
that one of the two spectral-response characteristics 
in Fig. 5 will handle almost any colored-light 
application. 

Photoemissive tubes produce output currents of 
only a few microamperes. If these tubes are oper- 
ated well below their ratings, almost unlimited life 
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Fig. 3—-Plot of lamp life and light output versus ap- 
plied voltage. A typical lamp may have a rated life 
of 200 hr at a rated voltage of 6.4 v; life of this 
lamp can be increased to 2000 hr if operated at 5.2 v 


-an be expected. Continuous operation at or above 
their ratings will result in much shorter life and 
bad fatigue effects (rapid drop in sensitivity, re- 
covering after period of inactive storage). In spite 
of the very low output current, the signal level 
produced by these tubes across a 10-megohm load 
resistor, for example, will often be sufficient to oper- 
ate a plate-circuit relay through a single stage of 
amplification. 

Excellent high-frequency response is obtainable 
with photoemissive tubes, especially the vacuum 
tubes. They are available in a wide variety of 
spectral-response characteristics. Their long-term 


stability, temperature stability, and the extremely 
low dark current are additional advantages. These 
must be weighed against their size and high im- 
pedance which are sometimes disadvantageous. 


Photomultiplier tubes are a special design of the 
photoemissive tube which produces amplification 
of minute cathode currents. These tubes have ex- 
tremely high sensitivity, but this sensitivity is great- 
ly affected by minute changes in supply voltage. 


Photoconductive cells have been available for 
many years. Great strides have been made in de- 
veloping cells which are smaller, have higher power- 
handling capability, and cover portions of the spec- 
trum from x-rays to the far infrared or heat radia- 
tion. Many new models are being produced each 
year. 

One of the most striking characteristics of these 
cells is their small size. One manufacturer offers 
an assembly of 20 lead-sulfide cells on a flat plate 
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Fig. 4—Spectral transmission curve of a typical infra- 
red filter for photoelectric relay systems 
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having a length of only 1 in. Their suitability for 
miniaturization makes photoconductive cells ideally 
suited for card and tape readers, analog to digital 
converters, and similar applications. They also 
make possible extremely small sensing heads for 
photoelectric relay systems, opening entirely new 
fields for photoelectric applications. 


Power-handling capability of some of these cells 
has been increased to the point where photocell 
currrent can be used directly to operate a small 
magnetic relay. Control units are on the market 
which contain only a photocell and a relay for 
operation on 115 v ac. These relays are limited 
to applications involving 100 per cent light cutoff 
because of rather large operating differentials in the 
sensitive relays and the sizable dark current in many 
cells. The relay pickup and drop-out times depend 
upon the light level. High light levels result in 
fast pickup with slow drop-out, and vice versa. The 
maximum operating rate is limited by the time delay 
introduced by the cell itself and is generally much 
slower than that obtainable using photoemissive 
tubes. 


Photovoltaic cells require no external power sup- 
ply. They generate a dc voltage proportional to the 
light intensity. These cells have been built into 
photographic exposure meters for many years. Re- 
cently much work has been done to develop cells 
of this type with a high efficiency of energy con- 
version for converting sunlight directly to useful 
amounts of electric power. These are commonly 
called solar batteries. 
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Fig. 5—Spectral re. 
sponse of two phototubes, 
one of which is infrared- 
sensitive (S-1) and the 
other ultraviolet-sensitive 
(S-4), compared to the 
human-eye response 
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Control applications of photovoltaic cells usually 
involve the use of a contact-making microammeter 
to amplify the very low power output of the cell. 

The cells are extremely stable and have unlimited 
life. They have been well proven through many 
years of field usage. They are commonly avail- 
able with a spectral response which covers most ol 
the visible spectrum. Since a photoelectric relay 
system of this type usually involves a contact-mak- 
ing instrument, the over-all degree of reliability 
obtainable depends almost entirely upon the re 
liability of the instrument and its contacts. 


Simple Optical Systems 


Basic knowledge of lenses, apertures, filters, and 
optical techniques will permit effective application 
of commercially available photoelectric relay sys- 
tems to obtain a high degree of reliability at low cost 


Lenses are the most commonly used optical tools 
Fig. 7 illustrates the use of lenses in combination 
with a light source and a photosensitive detector 
Light rays originating at the small filament go out 
ward in all directions. If a lens is placed at a dis 
tance F from the filament, where F is the focal 
length of the lens, the rays which intercept the lens 
will be converted into parallel rays which form a 
beam of light. Rays A and B, which would have 
otherwise been lost, are redirected toward the photo 
tube holder. The larger the diameter of the lens 
for a given focal length, the more rays it will in 
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tercept and the more efficient it will be in collect- 
ing light. Thus, a figure of merit for a lens is the 
ratio of its focal length to its diameter, or its “ 
number.” 

A second lens, placed in the parallel light beam 
just ahead of the photosensitive detector concen- 
trates the rays, as indicated in Fig. 7. If the photo- 
sensitive element is small relative to the size of the 
light beam, this concentration will result in a higher 
output signal, since rays A’ and B’, which would 
otherwise continue in a straight line and be lost, 
are redirected to the photosensitive element. 

Fig. 7 shows the ideal case where the light ema- 
nates from a point source. Practical lamps, even 
though they may have small filaments, depart from 
the ideal, and this departure must be considered. 

At the photosensitive detector the lens is used 
to collect more light than would be intercepted by 
the detector element itself, Fig. 7. Thus, at the re- 
ceiving end, improved sensitivity results from the 
use of larger diameter lenses up to the point where 
the size of the lens becomes equal to the size of the 
filament image. 


Apertures are used at the receiving end to reduce 
or eliminate the effect of stray light from sources 
other than the main light source. Fig. 8 shows how 
the image of the light source is focused to pass 
through an aperture in a mask located between the 
lens and the detector. Stray light is focused onto 
the mask and cannot affect the detector. The size 
of the aperture should be small enough to eliminate 
all sources of stray light, but not so small that it 
blocks any of the light from the light source. 


Mirrors can be used to direct the light beam where 
a single straight-line path is not sufficient. Small 
mirrors, if they do not intercept a sufficient cross- 
sectional area of the beam, will result in decreased 
sensitivity. Approximately 80 per cent of the light 
reaching a clean rear-surface mirror will be reflected. 
This means that two 80 per cent reflection mirrors 
used together will transmit only 64 per cent of the 
original light. It is readily apparent that only a very 
few mirrors can be employed without a drastic re- 
duction in sensitivity. Front-surface mirrors are 
much more efficient but are more delicate and are 
usually not suited to industrial applications. 

A reduction of at least 10 per cent can be ex- 
pected at each transmission through plate glass. The 
exact amount will depend upon the glass used. 


Filters have already been mentioned as a means 
of making the light beam invisible. Many reflected 
light systems also employ filters to aid in differen- 
tiating between two or more colors. 

Photosensitive detectors are basically “color-blind.” 
Tiiat is, although they may produce different out- 
puts for equal excitation at two different wave 
lengths, they can be made to produce the same out- 
put for each color by adjusting the light intensity of 
the two colors. Thus, it may be desired to detect 
the presence of a red line on a yellow background 
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using reflected light, but this may not be possible 
if both the red and yellow light received by the 
detector result in equal output signals. 

Filters should be selected which will pass the de- 
sired color much more readily than the others. In 
the case just mentioned a red filter which would 
pass red but not pass yellow, or vice versa, would 
enable the detector to readily differentiate between 
the two colors. Of course, since the photosensitive 
devices themselves have a spectral response charac- 
teristic which is predominantly sensitive to a certain 
range of colors, it is often possible to differentiate 
between two colors without the use of filters. 


Reflected light scanning is not as commonly ap- 
plied as direct or transmitted light scanning. But 
this is because of the general lack of familiarity 
with such systems. In Fig. 9 are the two common 
arrangements of light source and photosensitive de- 
tector for reflected-light scanning as well as an 
arrangement for transmitted-light scanning of mov- 
ing webs. 

The signals produced by diffuse reflection are 
generally quite small compared to those obtained 
using transmitted or direct-light scanning with the 
same components. The reason is that light is reflect- 
ed in all directions from the matte surface and only 
a small percentage reaches the detector. Therefore, 
it is desirable to locate the detector as close as pos- 
sible to the surface from which reflection takes place 
to obtain maximum sensitivity. 

Specular reflection occurring from surfaces such 
as tin foil can produce signals almost as strong as 
direct-light scanning. Small dents or wrinkles may 
have a major effect on the amount of light received 
and this type of scanning should be avoided if 
a diffuse-reflection system can be used. Increasing 
the size of the light spot to make it large relative 
to the size of the imperfections, and moving the 
detector as close as possible to the material to mini- 
mize the effect of the varying angles of the reflected 
rays, will improve system reliability. 


Modulated light can be used in combination with 
lenses and apertures to further reduce the effect 
of stray light. A motor-driven disc chops the light 
before it is transmitted. The receiver contains an 
amplifier tuned to this modulating frequency. Stray 
light of any other frequency will have no effect 
unless so much is received that the photosensitive 
detector becomes saturated. 

In addition to being extremely sensitive, these 
devices are almost perfectly fail-safe since any in- 
terruption of the signal can be used to de-energize 
the output relay. This relay will drop out in case 
of failure of the lamp, motor, power supply, or al- 
most any portion of the amplifier. 


> Amplifier Characteristics 


Among the factors to be considered in choosing 
a circuit are sensitivity, speed of operation, time in- 
tervals or delays required, power-handling capabil- 
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Fig. 6— Several photo- 
sensitive detectors show- 
ing range of sizes and 
shapes available. Detector 
types include: 1. Germa- 
nium phototransistor. 2. 
Cadmium-sulfide, single- 
crystal cell. 3. Cadmium- 
selenide cell. 4. Cad- 
mium-sulfide, broad-area 
cell. 5. Red-sensitive, 
gas-type photoemmissive 
tube. 6. Blue-sensitive, 
vacuum-type photomulti- 
plier tube. 7. Red-sensi- 
tive, gas-type photoem- 
missive tube. 8. Cad- 
mium-sulfide, broad-area 
cell. 9. Photovoltaic sele- 
nium cell 


Fig. 7—Simple lens sys- 
tem for directing light 
from lamp filament to 
photosensitive detector 


Fig. 8—Lens and mask 
combined with an aper- 
ture to eliminate stray 
light on photosensitive 
detector 


Fig. 9—Common arrange- 
ments of light source and 
photosensitive detector 
for reflected and trans- 
mitted-light systems for 
scanning moving webs 
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ity, degree of fail-safe operation, and physical size. 
Most manufacturers offer separate light sources and 
photosensitive detectors which can be used with 
any of a variety of amplifiers to meet the desired 
system characteristics. 


Sensitivity of a system is limited by the signal-to- 
background ratio of the whole system. The majority 
of photoelectric relays are required to open or close 
a contact when the light beam is broken and re- 
main in this state until the beam is re-established. 
Direct-coupled amplifiers are often employed to ob- 
tain this performance. Stray light, dark current or 
leakage within the photosensitive element, and am- 
plifier drift combine to mask the desired signal and 
provide a ceiling to the possible sensitivity. 

Stray light is a function of the optical system. 
Photoconductive cells and transistor amplifiers are 
more subject to dark current and drift at the pres- 
ent stage of the art than are vacuum or gas photo- 
tubes and vacuum-tube amplifiers. Ordinarily, there- 
fore, the more stable vacuum-tube system is capable 
of greater sensitivity than the equivalent semicon- 
ductor device where de coupling is required. 

Capacity-coupled amplifers are available and will 
cause operation of the output relay in response to 
a sudden change in light level. In applications where 
they may be applied, greater sensitivity is possible 
than with direct-coupled amplifiers since dark cur- 
rent, amplifier drift, and steady stray light will 
have a negligible effect. 


Speed of operation is an important factor in 
many applications. In some cases, such as count- 
ing, the maximum number of operations per minute 
may be of importance. At other times, operation 
from extremely short-duration light changes may 
be desirable. 

Circuits using de power supplies for both detector 
and amplifier are inherently capable of short op- 
erating times. Alternating-current systems are less 
expensive but impose a definite lower limit on the 
minimum duration of a light change required to 
operate the relay—greater than one-half cycle of 
the supply frequency. Ac systems are capable of 
operating rates of several hundred per minute. 

In de systems, time delays may be introduced 
by the photosensitive element, cable capacity be- 
tween detector and amplifier, or the amplifier and 
relay combination. Photoemissive detectors are ex- 
tremely fast, and even where gas phototubes are 
used they introduce a negligible delay. Photocon- 
ductive cells are available with a wide variety of 
time constants. The delay introduced by some of 
these cells may be the limiting item in system re- 
sponse. Others have negligible delay. 

Time delays and time intervals of various types 
are available. A time delay can be used to prevent 
operation of the relay until the light change has 
been maintained for a period of time. This tech- 
nique might be applied where a relay is set up to 
detect a backup on a conveyor. As long as the light 
beam is broken and then restored by passing ob- 
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jects the relay remains unoperated. When a back- 
up occurs, the light beam is broken and not re- 
stored, and after a brief delay the relay operates. 

Another type of delay or timed interval is avail- 
able to maintain the relay in its operated position 
for a set period of time after a light change. This 
is often needed to provide sufficient time for op- 
eration of auxiliary equipment controlled by the 
relay, when the duration of the light change is 
very short. 

Fail-safe operation of a system involves all as- 
pects of an application as well as the photoelectric 
relay itself. Certain generalizations can be made, 
but it is necessary to examine alternative systems 
in considerable detail to determine the one which 
offers the greatest degree of fail-safe operation. 


Power-handling capability depends upon the out- 
put relay. Most photoelectric relays have contact 
ratings of 5 to 10 amp. Different manufacturers 


Electric counter 


Photoelectric relay lee 


—_— 


Light source 


Fig. 10—Typical set-up for counting objects on 
a conveyor with a photoelectric relay 


Photoelectric 
relay 


Light 


Phototube Cree 


Fig. 11—Photoelectric relay system for inspect- 
ing lacquer coatings on tin-can tops 
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use different standards of relay life in determining 
ratings so it is difficult to compare on the basis 
of nameplate rating alone. The majority of photo- 
electric relays are provided with sensitive output 
relays with contacts suitable for use in control cir- 
cuits. When applied in this way, they may have 
a life of several million operations. If used at pub- 
lished ratings, the contact life will often be re- 
duced to a few hundred thousand operations. Some 
models, such as shown in Fig. 1, contain relays 
capable of controlling up to 1 hp, or may be con- 
nected to operate small solenoids directly from the 
plate circuit of the power-output tube. 


> Design Applications 


Counting was one of the earliest applications of 
photoelectric relay systems. A typical system, Fig. 
10, counts the total number of objects passing by 


Fig. 12—Pinhole detector 
for inspecting tin plate 
to within g in. of edge. 
Light source which illu- 
minates tin plate is a 
UA9 mercury lamp rated 
at 3000 watts and 120,000 
lumens. Six 931A photo- 
multipliers, feeding a 
capacitor-coupled ampli- 
fier, detect pinholes as 
small as 0.001 in. in 
diameter moving at 4000 
fpm. The shutters are 
used to prevent stray 
light from passing around 
the edges of strip to the 
detection chamber. The 
neon lamps serve to 
check operation of photo- 
multipliers 
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on a conveyor. Often it is desirable to count sepa- 
rately the number of several types of different ar- 
ticles on the same conveyor. This can usually be 
done by making use of differences in the physical 
characteristics of the different such as 
height, length, or color. If physical characteristics 
are too nearly identical, code marks can often be 
applied; for example, reflective-tape strips placed at 
different heights on different products in identical 
cardboard boxes. Generally a separate photoelectric 
system will be required for each type of article be- 
ing counted on a common conveyor. 


articles, 


Inspection is another broad field where photo 
electric relays cah relieve human operators of tir 
ing, routine tasks. This is particularly true where a 
single quality of a product is being inspected, the 
rate of production is high, and the inspection is 


of the “go, no-go” variety. Such applications often 


/ Detection chamber with 
photomultiplier tubes 
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involve sensing the presence or absence of coatings, 
gaskets, labels, holes, etc. 

Fig. 11 illustrates one system in which a differ- 
ence in reflection is used to detect the absence of 
a lacquer coating on a can top. The yellow lacquer 
greatly reduces the amount of reflected blue light 
compared to that reflected from an unlacquered 
top. A blue-sensitive phototube, possibly in com- 
bination with a blue filter, will readily sense this 


Solenoid - operated 
cutter 


Extrusion 
machine 








Photoelectric relay 


Fig. 13—Photoelectric control for cutting off extruded ma- 
terials. Length of cut is determined by distance of light 
source and phototube from machine. Tolerances in cut 
length of 1/16 in. are readily obtainable 


difference and operate the photoelectric relay to 
cause an alarm or rejection of the faulty part. 

Quite often inspection systems require a switch, 
an additional photoelectric relay, or other means 
to prevent inspection from occurring except when 
the object is in proper position to be inspected. 

Special-purpose equipment, such as the pinhole 
detector in Fig. 12, sometimes requires special pho- 
toelectric relay system designs. 

Simple photoelectric relays are not well suited to 
inspection which requires judgment. For example, 
it is easy to determine the presence or absence of 
a coat of white paint, but much more difficult to 
pass paint with greater than 80 per cent reflec- 
tivity and reject that with less than 80 per cent 
reflectivity. Another unfavorable situation could ex- 
ist where it is permissible to pass a single, fairly 
large defect (spot), but a number of small defects 
must result in rejection. Special-purpose equipment 
can be built to handle such situations. 


Alarm systems may be set up to monitor con- 
stantly some machine function and sound an alarm 
or initiate action when a change occurs. A familiar 
example of this type of system is the web-break 
detector. A break in the web sends a beam of light 
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to the phototube and sounds an alarm. Since such 
systems may be called upon to operate very in- 
frequently, it is especially desirable that they be 
made as fail-safe as possible. 

Control of many diverse functions may be ac- 
complished by using the same basic components. 
The same photoelectric relay which opens a door 
automatically can be used to control the length of 
extruded shapes. In Fig. 13 is a system which op- 
erates a cutter when the extruded material breaks 
the light beam. 


Tips and 
Techniques 





Reflector 


When a drawing is made on translucent paper, 
tracing can be simplified by performing the work 
on a base of aluminum foil attached to the draw- 
ing board. Light lines on the drawing, which are 





? 
siracing paper 
| 
| 
| 
} 





‘Drawing to be traced | 
i 





poorly visible through tracing paper, become distinct 
after the addition of upward light reflected from the 
foil—Gorpon C. Vore, project engineer, Micro 
Switch Div., Minneapolis Honeywell Regulator Co., 
Freeport, Illinois. 


Holding Le Roy Guide 


When the square ends of a Le Roy lettering guide 
are tapered, only one piece of tape is needed to hold 





Before Tapering After Tapering 


One piece A 


of tape 





] 


Two pres, ( 


of tape 

















the straightedge steady while lettering. This makes 
tape application quicker and easier—J. R. CHENEY, 
St. Louis, Mo. 
Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 


drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DegsIGN, Penton Bidg., Cleveland 13, O. 
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WHY 


CASTINGS? 


By WILLIAM H. SHUMAN 
Hitchiner Manufacturing Co. Inc 
Milford, N. H. 


Design Flexibility 
VERY process has certain Inherent in the investment-casting process, flexibility can pro- 
inherent advantages. For vide substantial savings in production costs by eliminating 
investment castings, these secondary operations. 
advantages largely revolve around These six investment castings demonstrate the broad variety 
the flexibility of the process in of irregular surface curvatures, thick and thin sections, shaped 
casting almost any conceivable cores, and internal surfaces that are obtainable. The five identi- 
shape, and in the broad alloy cal thin sections extending from casting at a, top, are only 0.032- 
selection. Here, in pictures, is a in. thick. Thousands of irregularly shaped components are 
short design guide on when and designed only with a particular function in mind and no com- 
where to specify investment cast- promise with production limitations, b. Complex, awkward in- 
ings. terior shapes, c, are possible because of the broad freedom in 
coring that is possible in the process. 
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Detail Reproduction 


Accurate detail rendition is significant to the 
engineer both in the ability of the process to 
produce high-quality pieces in extremely small 
sizes and to provide precise surface detail on 
parts of any size. 

Miniature parts for peepsights, a, are both 


Tolerances 


As in design of components for any other pro- 
duction process, dimensional tolerances specified 
for investment castings should be as wide as 
possible to minimize cost of manufacture. These 
tolerances were given in detail in MACHINE 
Design, August 22, 1957, Page 133. The par- 
ticular alloy used in investment casting a com- 
ponent has no effect on the tolerance limits. 
Although ferrous and nonferrous molds differ 
in construction and material, the accuracy of 


complex in shape (facing thin flanges and hole) 
and surface detail (grooves on annular surface). 
Precise gear-tooth surfaces, b, left, represent 
components requiring reproduction of detail. 
Numbers on the ends of the radial sections of 
a business-machine component, c, must stand 
out sharply and the component must be re- 
produced in large quantities. 


the resulting casting is not altered. 

A component with very heavy sections, a, 
may show a sink or depression in flat surfaces 
enclosing a heavy mass of metal; special tech- 
niques are necessary to produce a wax pattern 
free of sink. Warpage can occur in flat, com- 
paratively thin sections, b and c. Special pre- 
cautions prior to casting and subsequent sizing 
were required in these pieces to maintain di- 
mensional accuracies specified. The distance 
between two long arms or extensions, c, may 
be hard to hold within tolerances. 
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Alloy Selection 


Although some alloys cause unusual foundry 
problems, and others are impossible to cast at 
all, these are rare and occur only as minor lim- 
itations in any alloy series. The designer can 
select from a large number of alloys to meet 
functional requirements either in the as-cast 
condition or with subsequent heat treating. 
Thus, alloy characteristics are obtained that are 
not commonly available in wrought form. 
Cost of an investment casting is affected 
very little by the metal cost. Casting char- 
acteristics of the metal far outweigh its cost in 


Design Freedom 


In progressing from a component designed for 


function to one designed for the investment- 
casting process, the change in the appearance 
of the casting is usually negligible. Occasion- 
ally, minor design changes are made in the 
interests of economy (such as avoiding the ne- 
cessity for an auxiliary casting gate and elimi- 
nating excess material) and performance (such 
as stiffer sections and greater precision). 
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arriving at the over-all cost of the casting. A 
relatively expensive alloy can frequently pro- 
duce cost sav ings over the same component cast 
in a lower-cost alloy. 

Gage mount, a, was originally considered in 
SAE 8620 stainless, but beryllium copper was 
selected because of its excellent castability; a 
[5 per cent cost saving was achieved. The gag- 


ing finger, b, is cast in tool steel to gain re 


y 
sistance to deflection. Plating was avoided by 
casting the ferrule, c, in 300-series stainless 
Stellite, a nonmachinable alloy, was selected 
for the spray nozzle, d, used for paints having 
ground glass added for reflective properties 


Redesigned irom i Spotl welded issemobDIy 
bracket a is cast in silicon iron to provide mag 
: l + ~ : . ++ +7 . 
netic characteristics. Investment casting re 

“a " : eee 

placed machining from solid, b, and permitted 
“ip hy we 

adding ears which were desired but too expen 


sive to machine. Clean appearance of cast part, 


is an added bonus over fabrication. Welded 


stampings, d, were costly and tolerances on 
radius of large curve could not be held. Castin; 
duplicates original spot-welded design 


> 


ne piece cast “assembly 
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Wrist-Action Drive Converts 


COUNTERBALANCED, WOBBLE- 
JOINT design applied in the sickle 
drive of the new McCormick No. 
100 mower controls vibration, pef- 
mitting high-speed operation. Wrist 
action of the drive changes the ro- 
tary motion from the V-belt drive to 
reciprocating motion needed to drive 
the mower knife. 

The drive always works parallel 
to the movement of the knife, which 
allows the mower to operate with 
the cutter bar at extreme cutter-bar 
angles. The knife register is un- 
affected by cutter-bar position above 
or below the level of the mower 


wheels 


V-belt drive putley 
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Rotary Motion to Reciprocating 


V-belt drive pulley 


ACCURATE VIBRATION CONTROL is achieved since the 
knife drive arm pivots in the center and is counter- 
kalanced with a weight in the rear. The counter- 
weight moves in the opposite direction to the knife 
drive arm to counterbalance the mass of the knife 


Wobbie-joint drive 


Knife drive orm 


CUTTER BAR FOLDS BACK across the body of the 

mower for transport and storage, eliminating over- 

head-clearance problems and cutter-bar whipping 
An adjustable breakaway feature permits the cut- 


ter bar to swing back 42 deg if it hits an object 
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Engine-Driven Pump Propels 


M.g We 
Winch-drive 
motor 


/§ _Vehicie- 
4 reyeo) os -Yifl ate Baiteneeys 


HYDRAULICALLY POWERED tie- 
handling machine cuts time and 
cost of replacing and reposition- 
ing railroad ties. Designed and 
developed by Fairmount Railway 
Motors Inc., Fairmount, Minn., 
the new unit permits two men to 
remove ties at the rate of four a 
minute, on raised track. Also, 
with this machine, two men can 
insert two ties a minute under 


the tracks 
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Vehicle and Operates Winch 








Fp nino Vehicle-propelling 


motor ia 


Winch drive motor 


































































































«— Main oil reservoir 











TWO SEPARATE CIRCUITS, which are used in the tie handler’s hydraulic MAXIMUM PULL of 3900 
system, control oil flow to two vane-type motors. One fluid motor plied on the cable. In operatior 
propels the tie handler through a roller-chain drive. The second motor cable is attached to the tie by 
drives a winch through a speed reducer and a roller-chain drive cial clamp. The technique feo 

A balanced vane pump can furnish 7.25 gpm of oil at 1800 rpm ng a tie is shown. An 
from an 8.5-gal oil reservoir. The pump is directly driven by a two-*** length steel boom is added to ext 
cylinder, four-cycle gasoline engine. The pump and the two hydraulic the cable for remo 
motors are made by Denison Engineering Div., American Brake Shoe 
Co., Columbus, Ohio. The pump is rated at 2000 psi, although both 
hydraulic circuits are set to operate no higher than 1750 psi 
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Right-Angle Mounted Brushes 


Clean In Any Direction of Travel 


CARPET SWEEPER manufactured 
by Interstate Precision Products 
Corp., Anaheim, Calif., is com- 
posed of only six aluminum die 
castings. The Magic Disc, a de- 
sign imported from Sweden, uses 
four freely rolling brushes at 
right angles. The brushes pro- 
trude through four openings in 
the base and rotate as the disc- 
shaped machine is pushed and 
pulled in various directions 
Cleaning is accomplished in any 
direction of travel, and dirt is 
lifted into the four separate 
housing compartments 
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Clutch 


Fig. 8—Essential components of a 
two-inertia system joined by a 
friction clutch 


Friction-Clutch Transmissions 


HOW TO ANALYZE A CLUTCH SYSTEM 


By Z. J. JANIA 
Research Engineer 
Automotive Research Dept. 
Ford Motor Co. 

Dearborn, Mich 


ERTAIN conclusions about actual friction- 

clutch transmissions can be drawn from sim- 

plified mathematical models. These analyses 
can lead to optimum design values—or suggest cor- 
rective measures for systems already designed. 

In this article, two such models are studied to 
show methods of analysis. Reported results are 
confirmed by oscillographic records of an automotive 
example. 

A separate analysis treats shunted clutches in 
planetary assemblies, common in the automotive 
field. When system performance is to be improved 
by adding inertia, this article tells where and how 
much. 


> Two-Inertia System 


An idealized model of two rotating flywheels 
coupled by a friction clutch, Fig. 8, illustrates cer- 
tain fundamentals in the interchange of energy in 
a two-inertia system. Assumptions in this analysis 
are: 

1. Coefficient of friction is a constant, independent of 

rubbing speed. 

2. Compliance of the system is zero. 


3. No external torques act on the system 
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Initially, the two flywheels rotate at different 
angular velocities, 2, and Q2. Let the clutch be 
instantaneously applied at time t 0, and let the 
torque exerted by the clutch on the two flywheels 
be a constant, T.. This torque acts on the system 
only as long as there is a difference in speeds be- 
tween the two shafts. Hence, equations for speeds 
and rate of heat dissipation hold good only for values 
of time 0 = t = t,, where t¢, is the time required 
to couple the two shafts. 

The equations of motion for the two sides of the 
clutch can be written: 


w(t) 


By analogy, 
T 
w(t) —- 


The relative velocity of 1, with respect to | 





Fig. 9—Change of angular velocities of two inertias coupled 
during a time period ¢, and variation of energy dissipation 
in the same period 





x 100, per cent 


2° 





~ 
o 
E 
= 
. 
= 
5 
= 
> 
o 
2 
> 
cy 
4 





0.2 3 04 O05 O06 


elocities, N,/N 


atio of Angutar 


Fig. 9a—Efficiency of energy transfer from one inertia mem- 
ber to another, for selected ratios of the two inertias vs. 
ratio of angular velocities of the same inertias at start of 
engagement (plots of Equation 35) 
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The rate at which energy is dissipated in the 
clutch during the engagement period is 


ee (31) 


q(t) Te,(t) - r| Ti — 
\ Tele 


To determine the engagement period, t,, consider 
that when t to, w1(t) we(t). Then 


(32) 
Total energy dissipated during the operation is 
obtained by integrating Equation 31 between the 


limits t 0 and t t,. The result is 
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Nomenclature 





= Total friction face area, sq in. 

= Kinetic energy of engine expended during clutch 
engagement, Ib-in. 

= Kinetic energy of system at t = 0, lb-in. 
Basic gear ratio 

= Moment of inertia, Ib-in.-sec* 
Moment of inertia of engine, lb-in.-sec* 

= Moment of inertia of all parts, including addi- 
tional shock-absorbing mass, on output side of 
clutch, Ib-in.-sec? 
Equivalent moment of inertia of vehicle, 1b-in.- 
sec* 
Ratio I2/h 
Ratio Qs 2, 

- Slope of friction-velocity characteristic curve 

= Number of clutch friction surfaces 

- Total axial load, lb 

= Energy dissipated in a specific time period, Btu 

- Unit rate of energy dissipation during clutch 
closing, Btu per sec per sq in. 
Unit rate of energy dissipation, Btu per sec per 
sq in. 

- Clutch face radius, outside, inside, in. 

= Sun gears 

- Torque, Ib-in. 
Torque, constant, Ib-in. 

= Engine output torque, lb-in. 
Output load torque, Ib-in. 
Constant dissipative load torque; Road load 
torque, lb-in. 

- Time, sec 
Time period to close a clutch, sec 

= Slip velocity, ips 
Linear, tangential velocity, ips 
Slope of torque-velocity curve, lb-in. per rad per 
sec 
(1; + I2)B/h Iz 
Efficiency of energy transfer, per cent 
Coefficient of friction 
Kinetic coefficient of friction 
Angular velocity, rad per sec 
Angular velocity, sun gear on output side of 
clutch; Clutch drum speed, rad per sec 
Angular velocity, engine output, rad per sec 

- System output angular velocity, rad per sec 
Relative angular velocity, rad per sec 





fs, Ih I2(2, — Q2)? 
| q(t) dt = (33) 
~o 2(h + I2) 





Efficiency with which energy is transferred from 
I, to I, during the clutching operation is 


Ty I2(2, — Qe)? 


~ = (34) 
(Ii + I2) (hh 23? + [2 Qe?) 





Upon substitution of symbols for ratios, Ky; = I2/l; 
and Ks 2/0;, Equation 34 becomes 
Ki(1 — Ke)? 
(1 + K1)(1 + Ki Ke?) 
These results are shown in Fig. 9 and 9a. From 
the figures and the equations, summarized observa- 





(35) 
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Fig. 10—Elements of a 
complete power-trans- 
Mission system consist- 





ing essentially of an 
engine and brake 
added to a two-inertia 
system 











FRICTION CLUTCH TRANSMISSIONS 


ke 





av) Te Get) T 


Engine inertia 


tions are: 

1. Time required to couple the inertias is propor 
tional to the difference of the two initial velocities, 
2, — ®,, and inversely proportional to the clutch 

frictional torque. 

. Maximum rate of energy dissipation occurs at 
and is proportional to the product of clutch torque 
and the difference in velocities. 

3. Total amount of energy dissipated in the clutch dur- 
ing the slip period is a function of the inertia of the 
two rotors, and of the square of the difference in 
speeds. Energy dissipated does not depend on clutch 

torque or the duration of slip. 

+. Efficiency with which energy is transferred from I; 

I2 is a function of both the ratios 22/82; and I[2/h. 
This is important when designing systems that use 
clutches for energy transmission, for example, inertia 
Starters. 

Strict application of these conclusions is limited to 
cases where no external torques are acting on the 
system during the transition period. 


> System with Engine and Brake 


Addition of an engine and brake to the two-inertia 
model creates an advanced arrangement which has 
all essential elements of a power transmission system 
using a friction clutch, Fig. 10. In the analysis of 
this refined version, as for the two-inertia model, 
compliance of the shafts is neglected. 

All of the prime-mover inertia is shown accumu- 
lated in the flywheel 1,, Ty is the engine output 
torque, Tp is the constant dissipative load torque 
supplied by the drum brake, and I, is the inertia 
of the:load side of the clutch. The ratio of coefficient 
of friction to relative sliding velocity is assumed 
constant. 


Velocity Expressions: First, it is observed that 
T = To — Boa, = To — B(e1 — #2) 


Then, the sum of all torques acting on the engine 
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Output inertia 


side ol the clutch is 


1 


Similarly, the equation for the load side of the 


clutch is 


Operational calculus is used to solve Equations 


36 and 37 for w;(t) and wo(t). The results are 


where 


Conditions for Coupling: Since the coefficient of! 
friction in this case is a variable depending on the 
relative speed between clutch plates, it will be of 
interest to determine the conditions under which 
engagement, or absolute, positive coupling of th 
two sides of the clutch can be accomplished. 

To do this, Equations 38 and 39 are differentiated 
with respect to time. Then, for t 


0, the expressions 
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for the accelerations of the two shafts are 


; Te — [To — B(Q1 — Q2)} 
@, (OQ) = 7 (40) 
1 


t ey! pe Te — [To — B(Q; — Q2)] 
Wo (0) - ] 7 ———— (41) 








Examination of Equations 40 and 41 yields these 
observations: 


1. The most desirable condition for fast and positive en- 
gagement occurs when 


Te < [To — B(Q — Q2)) 


that is, when clutch torque at the moment engagement 
begins is greater than engine output torque. 

. When these two torques are equal, engagement is 
slower than when clutch torque is the larger. En- 
engagement time depends on the value of (Te — Tr), 
which must be positive to make engagement possible. 

. The rate at which ©,(t) begins to increase, immedi- 
ately after the clutch is applied, is determined by the 
quantity 


(Te — Tr) /le 


. The increase of speed of the output side of the clutch 
decreases the relative velocity of the clutch plates, 
thus increasing clutch torque. Any increase in clutch 
torque above the value T, — B(2, — &,) causes de- 
celeration of the input shaft. Thus, the effect of the 
initial increase in speed of the load side of the clutch 
is cumulative and leads to positive engagement. 

. When engine output torque is greater than clutch 
torque, at the instant of application of the clutch, 


Te [To — B(Q, — Q2)] 
hh 


< 





TE Tr [Te 


To — B(Qy 
I2 





Rate of Energy Dissipation: The expression for 
the average rate of energy dissipation during clutch 
engagement is 


To, [To — B(«,) Jo, 


qo(t) _—- 
A A 


where 


@, = w(t) #2(t) 


(A1 — Az) 8? + 8(Bi — Bo) e** 5(B, Bz) 
Ii I2 8? 


(43) 








To minimize complexity, Equation 43 is not sub- 
stituted in Equation 42 at this point. The manipula- 
tion of these equations is illustrated in a numerical 
example, which follows. 


Application Precautions: Examination of either 
Equation 36 or 37 discloses that when T,/8 = 
Q, — Qe, clutch torque is zero, and the two shafts 
could never be effectively coupled. It is also noticed 
that relative initial speed is also the speed at which 
the kinetic coefficient of friction is zero. In practice 
this could never occur. The theoretical case of » = 0 
is a consequence of the assumption that friction de- 
creases linearly with slip velocity. When this diffi- 
culty is encountered in practice, this analysis is still 
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Kinetic Coefficient of Friction, z, 





Lineor Velocity ,v,lips 


Fig. aie yy serve relationship between kinetic co- 
efficient of friction and linear velocity 


usable provided that pertinent equations are proper- 
ly modified and properly applied. 

Assume that a clutch-face material has the fric- 
tion-speed characteristics shown by curve a in Fig. 
11, and that the relative angular velocity at t = 0 
corresponds to the average linear velocity v;. Then, 
for the range of speeds v, to ve, the values of m and 
wo could be determined from straight line b. For 
angular slip velocities corresponding to the range 
from 0 to ve, line c could be used to determine new 
values of m and po. 


Example: Let 2, = 4000 rpm = 419 rad/sec; 
Q = 2000 rpm = 209 rad/sec; 1, = 4.36 lb-in.- 
sec?; Io = 17.44 lb-in.-sec?; wo = 0.121; m = 10-4; 
R, = 2.60 in.; Rj = 1.96 in.; P = 1500 lb; n = 8 
(4-plate clutch); friction area = 13.93 sq in. (per 
side of plate); total friction area of clutch = 111.44 


sq in.; Te = 1200 lb-in.; and Tp = 960 lb-in. 


Then 


= 0.121(1500) (8) (2.28) = 3310 Ib-in. 


= (0.25 X 107*) (1500) (2.08) (10) (80) 
6.24 lb-in./rad/sec 
& = 6.24(21.8/76) = 1.79 
From these values, »;(t) and other variables become 
— 1)rad/sec 


w(t) = 419 + 11.0t — 108.8(e1-79* 


182 + 11.0t + 27.2e!-79* rad/sec 


w2(t) = 
go(t) = 0.1146e-79* — 0.111 e%58* + 
0.394 Btu/sec/sq in. 
dw, 
dt 


11.0 — 193.5 e!-79* rad/sec* 


1 wW2 : 
“= = 11.0 + 48.8 ett rad /sec? 
dt 
The duration of slip period can be obtained by 
equating ;(t) and w(t) and solving for t,, or it 
can be determined from the equation 
1 Bi — Be 


to = —— loge 44 
8 * 8(A; — As) + Bi — Ba) (4) 





In this example: 
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)x 10: g, (t/(Btu/sec/sq in x 103) 


ime 


w(t/(rad/sec), = 








Fig. 12—Change of angular velocity, angular acceleration, 
and rate of energy dissipation during clutch-engagement 


period 


2158 
848 


to = 0.56 log. 0.53 sec 
These results are plotted in Fig. 12. 

It should be noted that, due to exponential vari- 
ation of angular velocity with time (caused by de- 
creasing friction with speed), accelerations of both 
shafts are much higher and more severe than they 
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FRICTION CLUTCH TRANSMISSIONS 








would be if the coefficient of friction were independ- 
ent of rubbing velocity. This observation is impor- 
tant when resulting stresses are considered. 


> Shunted Clutches 


In practice, cases frequently occur where a clutch 
is not placed directly in the power flow path from 
prime mover to load, but is shunted by a fixed ratio 
gear set. In such systems, the designer must con- 
sider the effect of the gear ratio on clutch dimen- 
sions, and design the clutch according to required 
thermal and mechanical capacity. A transmission 
that provides two speeds forward and one reverse, 
widely used-~in automotive products, illustrates the 
following analysis. 


Planetary Shunt: The gear set in Fig. 13 is a com- 
pound planetary type with two sun gears and one 
ring gear. “Low” gear is obtained by applying brake 
band I, which holds sun gear S; stationary. The re- 
action force is supplied by a hydraulic cylinder. To 
obtain “direct” gear, band 1, is released while the 
clutch, also actuated hydraulically, is applied simul- 
taneously. This action causes all planetary members 
to rotate at the speed of the input sun gear Sz. 
With the brake band [; applied and all other con- 
trol elements released, the planet carrier revolves 
in a direction opposite to input. 

It is seen from Fig. 13 that at t 
of transition from low to direct), the relative angu- 
lar velocity between the clutch plates is equal to 
engine speed at that time. But the torque impressed 
on the clutch is equal to a fraction of input torque. 
The exact value of torque impressed is determined 
by the gear ratio. 

Since it is assumed that the disappearance of the 
reaction force on S, and energization of the clutch 
are instantaneous and occur simultaneously (a con- 


0 (beginning 


Fig. 13—Com planetary-gear set used as a shunt 
in the power-flow path from prime mover to load 
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dition closely approximated in practice), the only 
external torques acting on the system at t 0 are 
engine torque Ty and road load torque Tx. 
Thus, 
Torque in input shaft torque in output shaft 
As is usually the case in practice, the moments of 
inertia of the clutch housing and the ring gear are 
negligible in comparison with the equivalent inertia 
of the vehicle 1y and the engine inertia I~. Then 


. 240 28 (45) 


The basic gear ratio, g, is defined as: No. of teeth 
in S:/No. of teeth in S:. Then the following expres- 
sion results 

ry gT2 


Cherefore, from Equations 45 and 46, 


The following equations describe the system in 
transition from low to direct: 


(50) 


To find an expression for relative velocity of clutch 


plates, an examination is made of the relationship 
between speeds of various members of the planetary 
gear system. Thus, the relative velocity of the sun 


gear S. to the planet carrier is w, w,, and that of 
sun gear S, in relation to the carrier is wg — «>. 

The ratio of these two relative velocities must at 
any time be equal to the ratio g. Thus, 


(51) 


The negative sign in Equation 51 indicates that 
these two velocities are always opposite in direction 
to each other. 

From Equation 51, 

WE 


g 
B 


Then the relative clutch plate velocity is 


1+ } @, 2) 
Note that equations 49, 50, and 52 are exactly 
the same as the equations for a simple two rotor 
system, Fig. 10, except for the factor | 1/g. They 
are sufficient to solve any problem concerning speeds, 
accelerations, and torques acting on various mem- 
bers of the system during the transition period, pro- 
vided clutch torque remains independent of the slip 
velocity. 


Varying Friction Considered: If the coefficient of 
friction varies linearly with speed, for the engine 


112 


side of the clutch, 


d&g Po 
e—-;Te 
at 


— ) B(eg Wo) Tr (54) 
g 


Examination of Equations 53 and 54 shows that, 
when rearranged, they are the same as Equations 
36 and 37 set up for a simpler system containing 
only one power path. Solutions for speeds and rate 
of energy dissipation obtained from Equations 36 
and 37 are applicable in the case of the transmission 
system in Fig. 13, provided that in evaluating perti- 
nent constants, T, and £8 are written 


It can be seen from the above discussion that any 
complicated transmission system containing a fric- 
tion clutch can be transformed to a much simpler one 
which is easier to analyze. In general, the constant g 
occurring in preceding equations can be expressed as 
the ratio 


Speed of input side of clutch es 
(ot) 





Speed of output side of clutch 


when it is computed for the case when the output 
shaft of the complete transmission system (or of a 
given part of it containing the clutch) is stationary. 
This holds true regardless of the type of the gear 
set used, 


Accuracy of Analyses: At this point, it might be 
well to question the accuracy of results from the 
preceding analyses. In reality, few of the equation 
constants will remain truly constant during the 
clutching operation. Engine output torque, the fric- 
tion-speed characteristic of the clutch facing material, 
axial force P acting on clutch plates—all will un- 
doubtedly vary during the operation of a clutch. 
In many cases, the functional relationship between 
these quantities and time, and/or speed, cannot be 
expressed mathematically. The only information 
readily available is in performance tables or graphs. 

If it is expected that variation in the parameters 
mentioned will influence the result of calculations 
using the equations developed here, it is suggested 
that the finite difference method be used for compu- 
tation purposes. It is observed, however, that this 
method results in solutions to one specific problem 
only, for a specific set of values of different parame- 
ters. Thus, by using the finite difference method 
one cannot, by examining results, predict the effect 
of changing any or all of the parameters on the 
over-all system performance. 
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/Engine speed 


Driveshoft speed 


Driveshaft torque 
4 


Wheel torque 


ot Vehicle acceleration 


Fig. 14—Oscillographic recording of an upshift in 
passenger-car automatic transmission 


Fig. 14 is an oscillographic record of input and 
output speeds and torques taken during the auto- 
matic shift in an automobile. The recording shows 
that the action of the clutch causes a significant 
change in engine speed with consequent loss of 
considerable kinetic energy. The amount of this 
energy is about 3 10* lb-ft. Some is dissipated in 
the clutch in the form of heat, and some is trans- 
mitted through the driveline and shows up as a 
sudden increase in output torque. Since all this oc- 
curs in a short time (0.5 to 0.7 sec), the resulting 
impact and shock loads on the transmission and 
driveline parts may become quite appreciable, and 
their effects may be damaging. 


> Additions of Inertia 


Consider the system in Fig. 13. To cancel the ef- 
fect of engine inertia energy released during the 























Fig. 15—Shock-absorbing inertia member added to the output 
side of a power-transmission system containing a compound 


planetary-gear set 
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transition, it is possible to place an additional in 
ertia at some point in the system between the input 
and output shafts. The added inertia could be ac 
celerated during the shift, and would absorb the 
kinetic energy lost by the engine. 


Location of Added Inertia: Since the subject at 
this point is inertia effect, the action of engine and 
load torques can be neglected. Consider the system 
in equilibrium with no external forces acting on it 
One convenient point for the shocking-absorbing 
inertia is the output side, which is stationary before 
the clutch is applied, Fig. 15. With this added in 
ertia, the torque acting on the sun gear S; has two 
components, namely, 


where I, = inertia in the output side of clutch, 
angular velocity of output side of clutch, and T 
frictional clutch torque. 

Torque distribution in the planetary system is 
such that the torque in the planet carrier (output) is 

) T 

Observe that when T 1, dwg’, T, is zero. There 
fore, no inertia torque due to change in kinetic 
energy of the engine will appear in the output shaft, 
and the transition from one speed to the other will 
be free of shock. 

Note that I, is the effective moment of inertia of 
all parts referred to the output side of the clutch 
that must be accelerated by clutch torque T. The in 
ertia of planets and ring gear must not be overlooked 


Amount of Added Inertia: The value of 1, required 
to have a shockless transition must be determined 
If linear variation of speeds with time is assumed, 
conditions existing during transition are shown in 
Fig. 16. 

In the system under consideration, 


2 (1 + g)2 


) 


w, (rad / sec) 
‘ 
a 


Velocity, 


\ngulor 


a 








Fig. 16—Linear changes of speed with ume 
engagement while system accelerates 
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Since the output shaft does not change speed dur- 
ing the time interval under consideration, and there 
are no torques acting on the gear set, it can be dis- 
pensed with entirely. Then I, is equal to Iz, as in 
Fig. 8. 

It can be verified that regardless how speeds vary 
with time, the following expression represents the 
kinetic energy given up by the engine during transi- 
tion: 


—Ig(Qe2 — Q,?) (61) 

This must be equal to the energy gained by the 

inertia 1g plus the energy dissipated in the clutch 

during the transition period. The latter can be ob- 

tained from Equation 33. The energy balance equa- 
tion is 


(62) 


Substitution for Q, Qe/(1 + g) and solution 
of the resulting quadratic equation for 1, yield 


l , 
le = ——— Ip [((4g° + 8g + 1)** — 1) 


Tips and Techniques 


Example: With I, = 0.46 lb-ft-sec? and g = 0.63, 
the value of Iq for the system in Fig. 15 is: 


l 
la = —— (0.46) [(4 x 0.632 + 8 X 0.63 +1)! — 1} 


0.405 Ib-ft-sec? 


Therefore, a solid cylinder 9.0 in. in diameter and 
10 in. long would be necessary to supply added in- 
ertia to the system of Fig. 15 to make the transition 
shockless. 

Observations: This example illustrates that the 
method of obtaining a smooth shift from one ratio 
to the other by placing an inertia in a proper point 
in the transmission can be considered only in cases 
where weight and/or size is not a design problem, 
or where the value of engine inertia and basic gear 
ratio are relatively small. 

For heavy off-the-road vehicles and stationary 
power transmission systems, this method should prove 
to be useful, especially where the flywheel J, can be 
made large in diameter. 


The next article in this series shows how to fore- 
cast the temperatures imposed on friction surfaces, 
how to determine temperature limits for friction ma- 
terials, and how to make the two compatible. 





Saddle Cuts in Pipe 


Layout of cuts for right-angle joint welds in 
standard pipes is an involved procedure. This prob- 
lem is simplified by the following table which gives 
the required angle of cut, A, for different pipe sizes. 

















Values of Cut Angle, A (deg) 





Through Pipe 


Branch Pipe Size, D (in.) 
Size (in.) 1% 1% 1 





- - 38 
— 39 26 
39 30 18 
28 23 


22 


ot 
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As shown in the figure, width across the bottom 
of cut is D/5, where D is the branch pipe diameter. 
Although this method is approximate, it is close 
enough for most practical purposes.—Jesse G. Mc- 
Cune, Kansas City, Mo. 


Emphasizing Drawings 
Tracing paper can be used to emphasize certain 
parts of drawings that are reproduced by an Ozalid 


machine. Cut a mask from tracing paper and tape 
to back of drawing, using a dull-finish translucent 
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Veilum Drawing 








tape. When the masked drawing is run through the 
Ozalid machine, the masked area appears shaded 
and the required area remains vivid.—A. B. CisTo.a, 
IBM Corp., Owego, N.Y. 


Do you have a helpful tip or technique for our other 
readers? You'll receive ten dollars or more for each 
published contribution. Send a short description plus 
drawings, tables, or photos to: Tips and Techniques 
Editor, MACHINE DesiGNn, Penton Bidg., Cleveland 13, O. 
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Exceptional mechanical 
strength is a characteristic of 
all molded laminated parts. 
Laminates not only lend them- 
selves to a variety of design 
practices, but offer controlled 
end-properties for different ap- 
plications. Here, sizes range 
from the small, one-lamination 
ring of “% oz to the large, 12- 
in. diam ribbed and tapped 
wheel of many laminations. 


Design requirements for 


Molided 


Laminated Plastic Parts 


By RICHARD BICE, Assistant Product Engineer, Formica Corp 


ers of resin-treated filler materials formed 
in a mold under heat and pressure. Avail- 
able combinations of resins and fillers offer designers 
a means of custom building a material for specific 
applications rather than merely selecting one. Al- 


Mes of. laminated parts are made from lay- 


Fig. 1—Paper-phenolic laminates for electrical applications. 
This combination can be machined to a good surface finish, 
is economical, and has a fair degree of mechanical strength 
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though properties of these laminated plastics can be 
controlled to meet application requirements, the 
characteristic of exceptionally high mechanical 
strength is always present in the part. 

These laminates are somewhat similar to molded 
reinforced parts. The basic difference is that fillers, 
in the form of sheets or mats rather than chopped 
fibers, are resin treated and dried prior to use. Also, 
laminated parts are molded under higher pressures 
and temperatures, which impart a higher density 
and generally improved surface finish. 


Resins: Thermosetting resins are used exclusively 
for molded laminated parts. Phenolics, melamines, 
silicones, and epoxies form the bulk of these mate 
rials and are often combined to achieve special 
properties. While characteristics of these resins over 
lap to some extent, each has certain advantages 

In general, phenolics are used for chemical and 
applications, melamines for ordinary 
silicones for high 


mechanical 
electrical applications, 


tempera 
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Paper-phenolic 
Canvas-phenolic 

Cotton sheeting-phenolic 
Asbestos-phenolic 


Glass-phenolic 


Canvas-melamine 
Cotton sheeting-melamine 
Asbestos-melamine 


Glass-melamine 
Glass cloth-epoxy 


Glass cloth-silicone 


tures, and epoxies for maximum electrical charac- 
teristics. Properties of laminated phenolic sheets are 
shown in Table 1. 


Fillers: Paper, canvas, cotton, asbestos, and glass 
are generally used as filler materials. The continu- 
ous-fiber structure inherent in these materials is 
responsible for the physical strength that character- 
izes molded laminated parts. 

Choice of a laminating material is dictated by 
the application. Paper can be employed successfully 
in most electrical applications and is usually the 
cheapest. It possesses a fair amount of mechanical 
strength, can be formed into simple shapes such as 
channels and angles, and can be machined to a 
good surface finish, Fig. 1. 

Canvas and cotton sheeting have qualities similar 
to paper but provide greater mechanical strength 
and formability. They are more suitable for compli- 
cated shapes since they have less tendency to tear. 

Asbestos is used for laminations when the part 


Fig. 2—Relative costs of 
various resin-filler combina- 
tions. Scale values 0 to 10 
indicate increasing cost 


must have a higher degree of heat resistance than 
is possible with paper or canvas. The choice between 
cloth or mat is largely dictated by the form of the 
finished product. 

Glass imparts a high degree of strength to the 


finished product and will not, in itself, support 
combustion. Since glass cannot absorb water, it will 
not support fungus growth, and humidity conditions 
will not change its size. However, glass is heavier 
than other fillers. 


Resin and Filler Combinations: Each combination 
is engineered for a particular application. If a part 
is required for electrical insulation, paper lamina- 
tions with an electrical grade of resin are used. 
Addition of a lamination of copper on one or both 
sides of the paper assembly makes the part suitable 
for etched circuitry. For difficult electrical require- 
ments, glass cloth and epoxy resin are used. 

When a part is to be used in chemical environ- 
ments, canvas laminations with phenolic resins pro- 


Table 1—Properties of Laminated Phenolic Sheets 


Filler Tensile 
Material Strength 
(1000 psi) 


Compressive 
Strength 
(1000 psi) 


Paper 9 to 18 
Canvas 8 to 10 
Cotton sheeting 8 to 16 
Asbestos 8 to 10 
11 to 21 


Glass cioth 


General-purpose compounds 6.5 to 9 


Flexural 
Strength, 
Fiatwise 
(1000 psi) 


Specific 


Impact Gravity 


(ft-Ib/in. of notch) 


15 to 23 0.4 to 1.1 1.34 to 1.38 


14 to 21 1.5 to 2.8 1.33 to 1.38 


14 to 21 1.2 to 1.6 1.2 to 1.5 


16 to 22 1.3 to 4.0 1.55 to 1.58 


22 to 24 7to8 1.65 to 1.7 


9 to 12 0.24 to 0.34 1.32 to 1.55 
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vide necessary qualities. For aircraft applications, the 
combination might be glass cloth and a melamine 
resin. Here, the glass provides strength and fungus 
resistance. The melamine resin possesses good elec- 
trical and fire-retarding properties. A comparison of 


general properties of various resin-filler combinations 
is shown in Table 2. 


Although it is possible to provide a combination 
of resin and filler to suit most applications, there 
are certain limiting factors to consider. Glass ma- 
terials are highly abrasive, and tool life is short 
where extensive machining is required. Paper and 
canvas possess excellent machining characteristics 
but are subject to size changes due to humidity 
conditions. This must be considered when establish- 
ing tolerances. 

Costs vary with laminate combinations from the 
low-cost paper-phenolic to the most expensive glass- 
silicone, Fig. 2. 


Design Considerations: Choice of filler and resin 


MOLDED LAMINATED PLASTICS 


Fig. 3—Laminated parts prior to assembly, 
left, and after assembly by molding, right 
Complex assemblies such as this require 
special processing operations 


in specific applications depends on how the part 
will be used, where it will be used, and properties 
required. Where the part is used is often very im 
portant. For example, silicone materials are very 
good for applications where a high degree of heat 
resistance is required. However, they deteriorate 
rapidly in the presence of oil, grease, or gasoline. 

Proper design is essential since laminated plastics 
do not adopt themselves to complex forms as readily 
as chopped-filler types. One rule of thumb may be 
applied for simple forms such as angles and chan- 
nels: If the part can be formed from a piece of 
paper without tearing, it can be molded readily from 
laminated plastics. More complex forms may re 
quire special treatment such as punching or die 
cutting to shape, rolling, or other processing opera 
tions, Fig. 3. 

Although extra material can usually be built up 
where needed, uniform wall-thickness is preferable 
Fillets and draft angles are handled in the same 
way as for any molded part. In general, tolerances 


Table 2-—Relative Ratings of Laminated Filler-Resin Materials* 


Filler-Resin 
Combination 


Insulating Resistance to 
Property Alkali 


Paper-phenolic 

Canvas-phenolic y 3 to6 
Cotton sheeting-phenolic $ 1 to 6 
Asbestos-phenolic 0to3 
Glass cloth-phenolic 4to6 
Canvas-melamine 

Cotton sheeting-melamine 

Asbestos-melamine 

Glass cloth-melamine 

Glass cloth-epoxy 

Glass cloth-silicone 


*Scale 0 to 10 shows relative minimum to maximum values 
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Mechanical 
Strength 


Dimensional Stability 
Moisture Temperature Machinability 
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Standard forms of laminated channel sections. Recom- 
mended minimum internal corner radius is 1/64 in. 
Outer corner radius should equal inner corner radius 
plus wall thickness. Angle of sidewall to base will not 
remain constant in any unrestrained condition due to 
strains inherent in the molding. 


ae 


designed for uniform wall thicknesses throughout. 
calls for special consideration of die and tooling problems. 


=a 


A sharp-corner condition. 
Configuration may be at- 
tained by finish ma- 
chining operations, but 
should not be designed 
for molding. 


Methods of handling unequal wall thicknesses. When possible, parts should be 
Buildup of material usually 


Y 





This constitutes good design practice in that it permits 


Use of chopped material to supplement the laminates (Cc 


J 





variations in wall thickness without complicated lami- 
nate buildups. Many “impossible” designs are prac- 
tical with this technique. 





Typical 
tor shape. 


Basic Design Shapes for Molded Laminated Parts (Fig. 4) 


electrical-insuia- 


Fig. 5—Tab, as integral part of 
the molded piece, permits align- 
ment of laminations to reduce 
or prevent assembly warpage 








conform to the same requirements as in normal 
molding practice. Recommendations for handling de- 
sign configurations are shown in Fig. 4. 

The extra strength of laminated construction and 
good qualities as a bearing material frequently elim- 
inate the need for inserts. Ribs and bosses can be 
built into molded parts when necessary. However, 
the inherent strength of laminated materials fre- 
quently eliminates need for ribs. Where there is 
danger of warp in an assembly, proper alignment of 
larainations will usually reduce this to a minimum, 
Fig. 5. When holes are required, design configura- 
tion and hole tolerances dictate whether the hole 
should be molded, drilled, or punched. 

Raised or indented lettering can be molded on 
parts with no difficulty. Where such lettering is 
merely for part identification, the same objective can 
be accomplished with a rubber stamp. The stamp 
method is preferred when changes are frequent. 

When necessity dictates, laminated fillers can be 
used in combination with chopped fillers, Fig. 
4. In this manner, designs can be achieved which 
are impossible or impractical with laminated or 
chopped fillers alone. Additional rules for good de- 
sign of laminated parts are: 


1. Box-shaped sections, having ends as well as sides and 
bottoms, are not producible except under very ideal 
conditions. Such sections must have very shallow depths 
or draw and very generous radii in corners. 


. Irregular parting lines should be avoided to eliminate 
excessive finishing operations. 


. Sharp corners, other than those produced in a finishing 
operation, should be avoided to protect tooling rather 
than because of a limitation in the material. 


. Conventional methods of milling, drilling, planing, 
boring, sawing, tapping, and other subsequent machin- 
ing operations should be specified for laminates. Grade 
of material, finish required, and quantity of parts, will 
determine type of tools used. High-speed steel, carbide, 
and diamond tools can be used successfully. Sawing 
operations on glass are best accomplished with abrasive 
wheels, using coolant if considerable work is done. 


Molding: Matched dies are used for molding lam- 
inated plastics. Pressures vary from 1500 to 15,000 
psi. When the part has a simple shape and the pro- 
duction run is small, it may be practical to use un- 
hardened or prehardened cavities. If production is 
high or the part requires material trimming, molds 
are usually hardened. Laminated materials are usu- 
ally processed in flash-type or positive-type molds. 
With the exception of shrinkage effects, the molded 
material exerts no influence on design of tooling. 
A mold produces parts from paper, canvas, or glass 
laminates with equal facility. 

Surface finish also depends on product require- 
ments and can range from a smooth, sanded finish 
to a mirror finish. 
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FOUR-BAR 


. tables for finding the proportions 


of linkages that generate common 


mathematical functions with minimum error 


By FERDINAND FREUDENSTEIN 


Chairman, Dept. of Mechanical Engineering 


Columbia University 
New York, N. Y. 


NUMBER of problems in design involve 

the synthesis of a mechanism with input 

and output members rotating in a prescribed 
relationship. Typical examples include: 


1. Mechanical linearizer.?>? 
2. Radio tuning mechanisms.® 
3. Nonlinear rotary valve actuators. 
4. Controlled acceleration drives such as the shuttles 
in a textile loom. 
. Computing components of analog computers.* 
. Constant angular-velocity-ratio shaft couplings.® ® 
. Quick-return mechanisms and mechanisms with con- 
stant-velocity drive motion.’ 
8. Linkages and mechanisms having momentary dwells.® 
9. Tuning mechanisms for klystrons. 
10. Linkages to replace cams with rotary input and out- 


1References are tabulated at end of article. 


This article is based on a paper presented at the — Conference 
on Mechanisms, Purdue University, October 13-14, 





Coupler 


Driven 
Driving link 
crank 





DA 


I. a 


Fixed link 





Fig. 1—General form of four-bar function generator 








put, especially in heavy duty and high-speed appli- 


cations. 


The simplest mechanism which can accommo- 
date such requirements and still permit reasonable 
flexibility in design is the four-bar linkage ABCD, 
Fig. 1. Recently developed analytical techniques*® 
and the availability of large-scale digital computers 
have made it possible to compute the proportions 
of four-bar mechanisms, known as function gen- 
erators, in which the rotations of the driving crank 
and driven link are related by a prescribed or ideal 
function. 

Generally, due to the finite number of adjust- 
able linkage proportions, the function generated 
by the mechanism coincides with the ideal func- 
tion only at a finite number of points, called pre- 
cision points, and deviates from the ideal function 
between these points. This deviation is called the 


Nomenclature 





Length of fixed link, Fig. 1 
Length of crank or driving link, Fig. | 
Length of coupler link, Fig. | 
Length of driven link, Fig. | 

= Ideal function 

= Function generated by mechanism 

= Input scale factor 
(pe — Oa) /(x¢ — Xa) 

= Output scale factor 

> (max ~ Ymin)/(Ymax — Ymin) 

= Precision points at which f(xi) = g(xi) 
Upper-limit (finish) point of crank travel, Fig. | 
Lower-limit (start) point of crank travel, Fig. | 
Angle of rotation of input shaft, Fig. 1, meas- 
ured clockwise, radians 

- Angle of rotation of output shaft, Fig. 1, meas- 
ured clockwise, radians 
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Table 1—Least-Error 








Scale Factors Precision Points. 
) X3 





Range 
. < r r 


Function 
l % SxZx ¢ ¥ 





1.3842742 


60 /logi02 


1.988925 48226892 


27.476764 


0.02781610 0.49740748 


1.0130385 1.4991776 


1.01 1835966 0.40993302 


033689272 0.54280174 


022529458 0.54157659 


0.58821332 


029325999 


0.0492 


1.7104985 


71.414168 


38.542302 


79659339 


1984797 


74496432 


81636273 


81866346 


0.84128244 


0.6728 


87.549520 


44.269088 


0.97582616 


1.9786677 


0.97026835 


0.97863119 


0.97795758 
0.98093850 


0.9767 








Fig. 2— 


Development of a four-bar linkage with a logarithmic input-output 


relationship to control operation of a mixing valve in a blending process 


chemical process is to be con- 
lve which has linear flow 


trolled by a rotary mixing valve 
vital operating range of 60 deg. 


thy 


Problem: Blending in a 


Pa 


characteristics and 


To meet process requirements, valve movements 


must 


be proportional to the logarithm of the absolute tempera “ { \ 
€ proportiona 1e log ) un ipgek 9,= 52.54 deg 
860 (400 F) j 


ture, which may range from 492 (32 F) to 


Electric signals from the sensing thermocouple are con 





verted into a shaft 


Maximum shaft travel is 60 


provide the required control function 


age to 


Solution: From 
tation) is 60 de 
deg. 


= : 
Ideal function 


where 7 
divided by 460 


1On, 


rotation 


temperature, F, x 
anc 
the range indicated is slightly larger than required 


proportional to temperature 


deg. Design a four-bar link 


C= 3.486 in 


Output link, rotation 
proportional to 
logarithm of input 
temperature 


(shaft ro ies 
5=3.52 in 


60 


ta, input range 


range (valve travel) is 


L 4 
A 
Z| 


linkage is . / 


Input link, rotation 
/ proportional toinput 
: temperature 


ae 


ae 
Finish position 
of linkage 


generated by 


7=0,8456 in. 


temperature, F absolute, 


output signal. For this applica 





MACHINE DESIGN 





FUNCTION GENERATORS 





Five-Point Function Generators 





Link Angles 
$1 Wy 
(deg) 


Link Proportions 


c/a 








52.628390 259.07749 84560215 


62.263261 75.606709 1.8343688 


) 69364556 


269.70917 124.18966 2.6603189 8 6856194 


241.64463 40.422765 3.4994859 87854083 


33.804400 120.21283 0.38477780 .0305418 


3.170971 1 0.62481545 3082626 


29.320664 2.5233585 3295928 


1.8009087 0.90829808 
1.6056207 


» 


0.6102 


0.400606 | 2 


) 


Maximum Output Error 


(deg) ( of output 


Remarks 


travel) 


Negative lengths 
ire interpreted 
vectorially. 


0.0062 


Usable 
solver; 


osine 


By reve 
terminals 
linkage can gen 
erate y — f(x), 
which gives y 
tan"! x here 


6 precisior 
points, error 
ninimized 

See Table 2 
for another 


lution 











] ‘rv 
Required outy 


Range of ou 


Range of y 


From Table 1, a linkage satisfies the 

scale-factor requirements for this application 

the top line. If a suitable linkage had not 

lated, it would have been necessary to comp 

the computer program mentioned in the text of 
Starting position of the linkage selected for this a 


tion can now be determined: 
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DATA SHEET 





Table 2—-Five, Six and 








Precision Points 





Scale Factors 
re ry x1 


¥ 


Function 
y 


x2 


x3 


X4 





60 60/log102 1.02447 
60 60/logi02 1.0166537 
1.0131453 
1.000 


— logiox 


oe logiox 
— logiox Ess 90 90/log102 
k 10x 60 90 
tanh x 50 60/tanh 1.2 0 

0.011786952 


24.133 [¢1] 
—30 [yi] 


x} 5 ( ~ x= 90 
Ackerman steering 
linkage type 
E J VZ dx 
(Z l 


10 deg 


k* sin« x, k 1) 


*Maximum error not minimized. tNot computed. 





1.20611 
1.1384432 
1,1223993 
1.431 
0.1 
0.14019032 
13.295 [¢2] 
—15 [ye] 


30 deg 


1.50000 
1.3704083 
1.3400125 
2.307 

0.3 
0.40974073 
0 [¢3] 

0 [ys] 


50 deg 


1.79389 
1.6816018 
1.6301256 
4.190 

0.6 
0.74490330 
15 (¢4] 
13.295 [y¥4] 


70 deg 


1.97553 

1.9567889 

1.9272569 

8.577 

1.2 

0.97020681 
30 [¢5] 
24.133 [ys] 


90 deg 








Fig. 3—Typical applications of four-bar function generators 


Analog Computation 
An operation frequently required in computers involves 
conversion of Cartesian (x, y) to polar co-ordinates (r, 6). 
Basic functions with typical ranges are: 


r= (x? + y?)¥2,x>0,y>0 


a oe Saale 
6 = tan? | — }) ,0S¢ = 45 deg 
x 


A schematic diagram of the linkage arrangement for the first 


the article text. 


Station dial 


Pointer shoft 
(Maximum rotation, 


Summing differential 


a eu 
] @ ai 
/ 





/ 
Squaring linkage 
\ 


\ 





180 deg) 


solved directly from the computer program mentioned in 
The intermediate stations would probably 
still be sufficiently close for satisfactory operation. 


Condenser tuning shoft 
(Maximum rotation, 180 deg) 
™ 





Four-bar function generator 


Constant-Acceleration Drive 


A useful device for developing constant-acceleration char- 


acteristics in a linear drive is shown in the sketch. Linkages 


Square-root linkage : é pei . , : 4 
suitable for this application are given in Table 1, lines 7 


(Squaring linkage with 


| 
yr} 
terminals reversed) 





and 10. 


With such devices, a shock absorber or similar 


device must be provided in the system for braking. 


conversion is shown in the sketch. The squaring linkage 
used in this arrangement is given on the seventh line of 
Table 1. All quantities indicated in the sketch are shaft 
rotations. The second equation can be mechanized similarly. 


Scale Linearization 

In place of the well-known rope drive used in radio- 
tuning mechanisms, the arrangement depicted in the sketch 
has been proposed as being more rugged and still economical 
to produce. Relationship between condenser capacitance and 8 
dial movement is nonlinear. It would be possible, for ex- 
ample, to select the five most frequently used stations, and 
obtain the correct condenser setting exactly with a linkage 


Shock absorber 


Ge 
t 











Output rack 


ar attached 
‘0 linkCO 


(Constant acceleration) 


Input crank 
(Constant velocity) 





MACHINE DESIGN 





FUNCTION GENERATORS 





Seven-Point Function 


Generators* 





Link Angles 
1 y 


b/a c/a 


(deg) 


Link Proportions 


d/a 


Maximum Output Error Remarks 
(deg) (% of out- 


put travel) 





61.170006 
60.041818 
46.226164 
19.372363 
11.687321 


99.393040 
100.01252 


—0.28491374 1.0359560 
— 0.28723765 1.0344139 
0.19764338 1.0109764 
1.2163005 2.8051365 
2.0623636 


121.84521 ai 
— 85.964738 

227.31048 1.2576833 
3.2790367 


4.7996436 


97.203550 5.7825465 


3.1409818 


97.297316 


178.46532 127.40168 


57.684795 79.532633 1.3903893 1.9488378 0.5527 


0.25841210 
0.26145405 
0.1907! 
3.1917229 


1.10206535 


759 
i ree) 


2.1766471 


3.1409818 


7126 


0.00269 0.00447 6 precision points obtained. 


0.00121 Extra has vanished. 


point 
0.006 
0.382 


and 
incl 


This 
are 
riety 


the last linkages 
ided just to show va- 
obtainable. 


of functions 


7 precision points obtained. 
x) is 
about x y 


b d whenever y f( 
symmetrical 


Shows complexity of functions 
which can be handled; E 
elliptic integral. 








structural error and exists in addition to those 
arising in manufacturing operations. 

Linkages in which this error has been minimized 
for some of the more common functions encoun- 
tered in engineering are presented in Table |. Other 
practical linkage forms for which the error has 
not been minimized are given in Table 2. 


Basic Concepts: Consider the basic mechanism 
as shown in Fig. 1. Within the prescribed range, 
Xs =x = x,, the ideal function, 


f(x) 


is generated by the analogous shaft rotations ¢ and 
vw, where symbols are defined in Nomenclature and 
Fig. 1. 

Further, 


} (xy) 


and Xs, Ys, X;, and yy correspond to angles ¢., we 
¢;, and yy, respectively, according to the relation- 
ships: 


ry (y 


where ¢ = gj andy = atx = %. 
Design Possibilities: Step-by-step development of 
a linkage design from the tables is detailed in Fig. 
9 
Application possibilities for various linkage forms 
are illustrated in Fig. 3. 
Generally, functions 


a four-bar mechanism 


suitable for generation by 
(1) have ranges less than 
120 deg; (2) are not symmetric about the mid- 
point [if midpoint is x = 0, avoid situations where 
f(x) +f(—x)]; and (3) can be accurately gen- 
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erated if 
too much, and also where a special relationship is 
involved such as in the steering mechanism func- 


monotonic and if the slope does not change 


tions, Table 2. Further details are discussed in the 
literature.® With prescribed scale factors, five pre- 
cision points can usually be obtained. The propor- 
tions and transmission ratios are not prescribed, 
however, and the scale factors should be chosen with 
care (Reference 4, pp. 110-111) 

Purpose of the tables, which are designed to be 
self explanatory, is to illustrate the linkage types, 
functions, ranges, and accuracies possible and to 
reduce the design time which up to now has been a 
limiting factor in the use of these mechanisms. The 
computer program from which the tables were ob- 
tained is available on request from the author 
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ENGINEERING DATA 
Contact Ratings: 





A.C. Amperes D.C. Amperes* 
N.O. N.C. N.O. N.C. 


10 10 6 5 
1 1 1 1 
1 10 ~ - 
10 10 _ mn 



































Non-inductive resistance loads 





Coils: Standard A.c. coils for 110, 208-220, 440, 
or 550 volts, 50-60 cycles. Standard D.c. coils 
for 115 or 230 volts. Other coils on special order. 
Poles: 2 to 8, in all combinations of N.o. and 
N.C. contacts, convertible from N.O. to N.C. and 
vice versa. 


|Dimensions: 
A.c. D.c. 





| Width | Height Depth 





4 pole - | 3% } 5s 3%." 
8 pole - | 5% 5K, 332" 
~ 4 pole 3%" 5%" 3342" 
- 8 pole | 5° | 5%" 3%" 


+ Mounting centers for all models are identical. 





























*multi-pole 
“multi-purpose 


*multi-featured 


8 POLE A.C. 


Brand new, Type HR solenoid relays are Result-Engineered to function 
as the “heart” of any control system. The Type HR is designed as a multi- 
pole relay for piloting machine and process control components where 
ultra-long life and hi-speed operation are mandatory. 

Wiping action contacts insure high electrical reliability; nylon movable 
contact carriers—separate for each pole—and nylon armature guides mini- 
mize operating friction. And, you can add to these features, interchange- 
able a.c. and d.c. power plants with molded coils. 

Simple, fast, easy installation speeds assembly into your equipment, 
saves time, cuts cost. Accessible front connected coil and contact termi- 
nals equipped with pressure connectors . . . no lead lugging needed! 

Four basic models with up to eight unitized poles maximum, conver- 
tible N.O. or N.C. contacts—completely enclosed to keep out dust and 
foreign particles—make the HR an unusually versatile relay line. 

Ask for Ward Leonard Bulletin 4470 for complete technical data. 
Ward Leonard Electric Co., 58 South Street, Mount Vernon, New York. 
(In Canada: Ward Leonard of Canada Ltd., Toronto.) 8.6 


LIVE BETTER...E/ectrically ©. ; 
“eome™ 


Circle 462 on Page 19 MACHINE DESIGN 
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Wear of Metals to 1800 F 

E. P. Kingsbury and E. Rabinowicz, 

Massachusetts Institute of Technology 
Discussion of sliding experiments us- 
ing zinc, copper, titanium, and 1020 
steel. Results are covered in terms of 
surface energy and hardness of the 
metals. Low ratio of surface en- 
ergy to hardness indicates favorable 
friction properties of metals at high 
temperatures. 

ASME paper 58-LUB-6, from ASLE 
ASME Lubrication Conference, Li 
Angeles, October, 1958; 7 pp 


The Gas-Lubricated 
Sector Thrust Bearing 
C. C. Mow and E. Saibel, 


Polytechnic Institute 


Rensselaer 


An exact solution for a sector thrust 
bearing with side leakage and film 
variation in angular and radial di- 
rection taking into account effects 
of gas compressibility. _Compres- 
sibility is introduced into the math- 
ematical solution by assuming that 
density varies but kinematic vis- 
cosity remains constant. A numeri- 
cal example which illustrates the 
method is included. 

ASME paper 58-LUB-5, from ASLE 
ASME Lubrication Conference, Los 
Angeles, October, 1958; 7 pp 


An Investigation of 
Dry-Adhesive Wear 
R. P. Steijn, E. I. du Pont de Nemours 
and Co 
A discussion of sliding-motion ex- 
periments on various metals under 
unlubricated conditions. Oxide-film 
formation is studied by electri- 
cal contact-resistance measurements 
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made in conjunction with wear tests, 
and effects on wear rate and basic 
wear formula are discussed. Dis- 
crepancies in wear rules are reported 
for the condition of brass sliding 
against brass where wear rate is af- 
fected by geometry of the apparent 
contact area. 

ASME peed 58-LUB-8, from ASLE 
ASME Lubrication Conference, I 


Angeles, October, 1958; 10 


Bearing and Seal Development 

S. Gray, Fairchild Engine and Air 

plane Corp. 
Results of a program which investi 
gates small oil-lubricated accessory- 
size ball bearings at extremes of 
speed and temperature. Work 
covers bearing types, new high-tem 
perature lubricants, and effects of 
high-speed operation on wear and 
vibration. Development of a Freon 
12 shaft seal designed for an air- 
craft-type refrigeration compressor 
and conditions for successful op- 
eration of bearings and seal ar 
outlined. High-speed rotating shaft 
seals of carbide materials 
are evaluated. 

ASME paper 58-LUB-10 ASLE 
ASME Lubrication Conference, Los Ange 


, October, 1958; 16 pp 


VE 


various 


Ramjet Fuel Controls 


F. A. Heinz Jr., 


Bendix Aviation ( 


An explanation of the operation of 
a typical ramjet fuel control system 
and various aspects of controlling 
the flow of fuel to such an engine 
Functions of the various components 
within the system are described, and 


instrumentation pertinent to the 
fuel system is included. 

ARS paper 661-58, from ARS Fall Meet- 
ng, Detroit, Mich., September, 1958; 


np 


Hydraulic Components for 
Missiles and Space Vehicles 


A. B. Billet, Vickers Inc 


A discussion of developments in new 
miniaturized hydraulic components 
for space-vehicle application. Com- 
ponents include pumps of the varia- 
ble-displacement, fixed-displacement, 
and vane types. High-temperature 
package hydraulic sys- 
tems, and reliability of these com- 
ponents are covered. 


4RS paper 657-58, from ARS Fal 


Mich niember 


actuators, 


Control of Ramjet Engines 
W. H. Henley 


Characteristics of the ramjet eng 
control engineers 
An approach to the synthesis of a 


ramjet 


of interest to 


control system is outline 
Discussion is largely qualitative and 
intended primarily to 
physical insight into basic considera 


provide 
tions involved. Significance of e1 
gine parameters on operating con 
ditions is considered and a resume 
made of control component design 
criteria including power availability, 
environmental conditions, and space 
limitations. Pneumatic-hydraulic and 
electronic controls are analyzed and 
compared, and reasons f 
selection ol 
components 

ARS paper 
Detroit. Mich 





DESIGN ABSTRACTS 





The Mechanism of 
Gear Lubrication 
V. N. Borsoff, Shell Development Co. 


A brief review of current research 
on fundamentals of gear lubrica- 
tion. Scoring and wear of gears 
are evaluated as functions of op- 
erating variables, gear geometry, 
construction factors, and lubricants. 
Included are the results of experi- 
ments with extreme-pressure lubri- 
cants showing distribution and 
thickness of extreme-pressure films 
and rates of attrition. Gear mate- 
rials include steel, cast iron, and 
bronze. 

ASME paper 58-LUB-4, from ASLE- 


ASME Lubrication Conference, Los 
Angeles, October, 1958; 10 pp. 


oe 
erreciaesmicel 


Shrink-Fitted Assemblies 
F. Orbeck, Det norske Veritas, Oslo 


A study of shrink-fitted assemblies 
loaded in torsion with special ref- 
erence to damping capacity. The 
explanation of damping is related to 
elastic deflection and conditions of 
mating surfaces of the assemblies. 
Included are characteristics of dif- 
ferential slip and stiffness. 


Prepared for the Institution of Mechan- 
ical Engineers, Great Britain. 


Design of Escape Capsules 
G. M. Root, Northrup Aircraft Inc. 


A summary and discussion of major 
factors and problems associated with 
emergency escape from high-speed 
aircraft and their influence on de- 
sign. Factors influencing design are 
divided into survival and cost fac- 
tors and each is discussed separately. 


SAE paper 91D, SAE National Aero- 
nautic Meeting, Los Angeles, September, 
1958; 12 pp. 


techniques 


Calculation of Transients 
In Cross-Flow Heat Exchangers 


G. M. Dusinberre, The Pennsylvania 
State University 


A method for calculating transient 
temperatures in a cross-flow heat 
exchanger by numerical methods. 
Digital computer programming is 
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considered, and a gas-turbine re- 
generator is used as an example. 
In particular, methods are developed 
which are useful when flow rates 
vary, as in the starting transients. 
ASME paper No. 58-HT-5, from ASME- 


AIChE Joint Heat Transfer Conference, 
Chicago, August, 1958; 7 pp. 


Solutions of Transient 

Heat-Conduction Problems 

W. D. Murray, Burroughs Corp., and 

F. Landis, New York University 
Development of two new numerical 
methods for solving problems of 
one-dimensional heat conduction in- 
volving melting or freezing. These 
new methods are applicable to digit- 
al and analog computation. Sample 
problems using these and more con- 
ventional techniques are solved. An 
evaluation of methods and recom- 
mendations on areas of application 
are also included. 


ASME paper 58-HT-16, from ASME- 
AIChE Joint Heat Transfer Conference, 
Chicago, August, 1958; 35 pp. 


Digital Computer Application 
To Systern Components Design 
H. R. Tuck and R. Galin, General 
Motors Corp. 
An approach to obtaining optimum 
design of heat exchangers and air- 
handling equipment by digital com- 
puter use. How trial and error ap- 
proaches to blower design problems 
are eliminated by computer tech- 
niques is shown, and a step-by-step 
procedure for programming the 
problem of analyzing over 150 
blower wheels is included. Advan- 
tages of computer methods include 
reduced design time and achieve- 
ment of optimum design of system 
components. 


General Motors Engineering Journal, 
Vol. 5, No. 3, July-August-September, 1958; 
p. 17-21. 


Considerations of Latent Heat 

In Computer Calculations 

G. M. Dusinberre, The Pennsylvania 

State University 
A method, especially suitable for 
digital computers, for calculating 
transient temperatures in solids. 
The method is helpful for overcom- 
ing difficulties in calculation caused 
by such things as a phase change 
involving a latent heat for high in- 
stantaneous values of specific heat. 
Such changes occur typically in 
melting or freezing or at transition 


points in metals, notably steel. An 
advantage of the procedure is that 
only one algebraic and explicit for- 
mula is necessary. 

ASME paper 58-HT-7, from ASME- 
AIChE Joint Heat Transfer Conference, 
Chicago, August, 1598; 3 pp. 


System-Performance Prediction 
R. E. Roberson, North American 
Aviation Inc. 
A review of some past developments 
toward a sound basis for reliability 
as an evaluation factor in system 
performance. The method of zero 
failure probability is discussed and 
evaluated. This approach to per- 
formance predictions utilizes both 
the inherent accuracy of the system 
and other reliability concepts. Ad- 
vantages, disadvantages, and modifi- 
cations of the method of zero fail- 
ure probability are analyzed. An 
alternate method is then described 
and an alternative approach to per- 
formance prediction is proposed. 
ARS Paper 656-58, from ARS Fall Meet- 
ing, Detroit, Mich., September, 1958; 
pp. 


Steady-State Network Analysis 
For Solving Heat Flow Problems 
A. D. Kraus, Sperry Gyroscope Co. 


A description of four methods of 
steady-state circuit analysis that can 
be applied to solutions of heat-flow 
patterns. The methods permit eval- 
uation of complicated thermal con- 
figurations but still preserve an ac- 
curacy not attainable with simplify- 
ing assumptions made in order to 
evolve more simple cases. 

ASME paper 58-HT-14, from ASME- 


AIChE Joint Heat Transfer Conference, 
Chicago, August, 1958; 13 pp. 


TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to the 
following organizations: 





ASME—American Society of Mechanical 
Engineers, 29 West 39th St., New York 
18, N. Y.; paper 25 cents, to members, 
50 cents to nonmembers. 


ARS—American Rocket Society, 500 Fifth 
Ave., New York 36, N. Y. 


The Institution of Mechanical Engineers, 
ae Walk, Westminster, London, 


SAE—Society of Automotive Engineers 
Inc., 485 Lexington Ave., New York 17, 
N. Y.; papers 50 cents to members, 75 
cents to nonmembers. 


General Motors Engineering Journal—GM 
Technical Center, Box 177, North End 
Station, Detroit 2, Mich. 
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Tiny Tankers. Unicellular diatoms 
floated on prehistoric seas in infinite num- 
bers, each encased a microscopic fat glob- 
ule. Today, coalesced, they comprise the 
oil pools we draw upon. A wonder-of-the- 
world in miniature, truly a miracle of 


nature. 


Magnetic Oil Finder. Modern tri- 
umph of miniaturization is the sensitive 
aerial magnetometer which trails an air- 
plane for magnetic field surveys, locating 
new oil resources. 29? MPB bearings in it 
reduce friction for measuring accuracy 1] 


to 2 parts per 50 thousand. 


Man With Miracles. This is Harry 
Hannan, MPB's Senior Applications Engi- 
neer. He can help you find exactly the 
right type of bearing for your application 
and reduce friction to a minimum, provide 
instrument sensitivity and maintain 


reliable, trouble-free operation. 


Miracles in Miniaturization © All around you 


BEARING ACTUAL SIZE 


New Industrial Miracles are still 
to be created by inquiring scientific minds. 
Projects move along more quickly because 
MPB bearings are solving so many prob- 
lems of friction, precision and mechanics. 
MPB is a pioneer in miniaturization . . 


puts its wealth of experience at your dis- 
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posal. More than 500 types and sizes of 
miniature bearings available . . . specials 
on request . . . engineering and research 
facilities second to none. For engineering 
assistance and/or new catalog, write 
Miniature Precision Bearings, Inc., 


111 Precision Park, Keene, N. H. 


Circle 463 on Page 19 








Helps you perform miracles 
in miniaturization 











For copies of any literature listed, circle Item Number on Yellow Card — page 19 


Air Cylinders 
Design features and dimensional data 
on square type air cylinders are furnished 
in Catalog SA7. Lynair Airdraulic cylin- 
ders, an air-to-air booster, and low pres- 
sure hydraulic cylinders are also cov- 
ered. Units are rated 200 psi, air or 
oil. 24 pages. Lynair Inc., 3100 E. Michi- 
gan, Jackson, Mich. H 
Circle 551 on Page 19 


Quick Coupling Assemblies 
Catalog F-10-R on Kamlik quick 
coupling assemblies features a recom- 
mendation chart for chemical service. It 
illustrates couplings for up to 200 psi 
pressures, lists recommended operating 
conditions for units made of various met- 
als, and tabulates general dimensions. 8 
pages. OPW Corp., 6013 Wiehe Rd., 
Cincinnati 13, Ohio. G 
Circle 552 on Page 19 


Lubricating Equipment 
Oil cups, oiling systems, dispensers, 
valves, oil gages, and chain oilers are 
among the Oil-Rite lubricating equip- 
ment listed with appropriate specifications 
in Catalog 10. Fifteen loose-leaf supple- 
ments describe automatic lubrication of 
various machines, accessories, and special 
lubricating items. 32 pages. Oil-Rite 
Corp., 2318 Waldo Blvd., Manitowoc, 
Wis K 
Circle 553 on Page 19 


Tubular Products 


Both seamless and welded stainless steel 
tubing, nickel and nickel alloy tubing, 
special metals and alloys, and fabricated 
parts and specialties are described as to 
general characteristics, sizes, and tolerances 
in Bulletin 12. Stainless tubing is made 
in mechanical, aircraft, capillary, and 
hypodermic grades. 12 pages. J. Bishop 
& Co., Malvern, Pa. E 

Circle 554 on Page 19 


Viny! Cladding Material 


Masland Duran Clad, a semirigid vinyl 
that can be laminated to sheet metal or 
continuous coils, then formed into prod- 
uct components, is subject of available 
folder. Material gives metal products a 
durable textured plastic finish. Masland 
Duraleather Co., Amber & Willard Streets, 
Philadelphia 34, Pa. E 

Circle 555 on Page 19 


Stainless Heat Exchangers 


Features that assure maximum heat 
transfer are pointed up in Bulletin 301.6K1 
on Type SSCF all-stainless steel heat ex- 
changers for production and pilot plant 
applications. Specs are given on 19 models 
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available in one, two, and four-pass de- 
signs. 4 pages. American Radiator & 
Standard Sanitary Corp., Ross Heat Ex- 
changer Div., Buffalo 5, N. Y. N 

Circle 556 on Page 19 


Temperature Controls 


Indicating and recording models of 
Partlow pneumatic temperature controls 
are briefly described in Form 1087. Units 
operate on 3 to 15 psi air pressure and 
have an adjustable throttling range of 
3-20 per cent. 4 pages. Partlow Corp., 
New Hartford, N. Y. D 

Circle 557 on Page 19 


Precision Fasteners 


Thirtieth anniversary products bulletin 
outlines the broad range of precision fas- 
teners available with special features. It 
shows cold-forged fasteners produced for 
the automotive, aircraft, appliance, farm 
equipment, engine, and other industries. 
4 pages. Chandler Products Corp., 1493 
Chardon Rd., Cleveland 17, Ohio. F 

Circle 558 on Page 19 


Beryllium-Copper Tubing 


Data Memorandum No. 7 deals with 
mechanical and physical properties, ap- 
plications, corrosion resistance, production 
limits, heat treatment, fabrication, and 
size tolerances of small-diameter beryl- 
lium-copper tubing. Common applications 
listed are springs, Bourdon tubes, bushings, 
bellows, and ball-bearing races. 6 pages. 
Superior Tube Co., Norristown, Pa. E 

Circle 559 on Page 19 


Extruded Teflon 


Weights and nominal wall thickness, 
prices, dimensions, and other data per- 
tinent to extruded Teflon rods, tubing, 
coaxial cable cores, and aircraft and in- 
dustrial hose liners are tabulated in Bul- 
letin 158. 6 pages. Surf Chemical Inc., 
Harrison, N. J. D 

Circle 560 on Page 19 


Air Clamp Cylinders 
Improved 14 in. clamp type universal, 
clevis, or pivot mount air cylinder for 
tooling, jigs, and automation uses is de- 
scribed in Bulletin 458. It operates on 
150 psi air, 400 psi hydraulic with large 
safety factor. Bulletin gives specifications 
and other details. 4 pages. Sheffer Corp., 
326 W. Wyoming Ave., Cincinnati 15, 
Ohio. G 
Circle 561 on Page 19 


AC Generators 

Data Sheets HV 558 and MG-658 re- 
spectively describe high voltage ac gen- 
erators and the typical frequency con- 
verting motor-generator set. Two bear- 


ing, 150 kw, 60-cycle generators and single 
and standard two bearing, 60 to 400 kw 
units are covered. Motor-generator set is 
rated 150 kva. 2 pages each. Kato En- 
gineering Co., Mankato, Minn. J 

Circle 562 on Page 19 


Tubular Fabrications 


Tube forms of special contours to meet 
mechanical and structural requirements 
for aircraft, missile fuel, and control parts 
are shown in bulletin. Intricate small- 
diameter tube forms of stainless steel for 
servo mechanisms are included. 4 pages. 
United Metal Fabricators, Inc., 3991 Jen- 
nings Rd., Cleveland 9, Ohio. F 

Circle 563 on Page 19 


Heating Coils 


Bulletin 890 contains complete coil 
selection information as well as detailed 
description of Herman Nelson heating 
coils. Standard steam, steam distributing, 
and hot water coils are covered, and 8 
pages of temperature rise charts are given 
in the steam coil section. 30 pages. Amer- 
ican Air Filter Co., 215 Central Ave, 
Louisville 8, Ky. G 

Circle 564 on Page 19 


Mechanical Seals 


Illustrated bulletin is descriptive of a 
line of precision mechanical seals for all 
makes, models, and sizes of centrifugal 
pumps, as well as for practically all rotat- 
ing shaft sealing problems. Design fea- 
tures are shown with sectional views. 4 
pages. Borg-Warner Corp., Mechanical 
Seals Div., Box 2017, Terminal Annex, 
Los Angeles 54, Calif. L 

Cirele 565 on Page 19 


Electronic Voltmeters 


Short form Catalog 10-A deals with 
panel mounted, single and multiple range, 
direct and alternating current, half-relay 
rack style, militarized and commercial, 
and miniaturized electronic voltmeters. In- 
struments are usable for checking critical 
voltages, plug-in circuitry modules, and 
for control purposes with a contact-mak- 
ing element. 4 pages. Méetronix, Inc., 
Chesterland, Ohio. G 

Circle 566 on Page 19 


Ductile Iron 


When to use ductile iron castings and 
how major engineering features are con- 
trolled in good foundry practice are treat- 
ed in quick reference folder on ductile 
iron. Nodulite ductile iron is cast in 
weights from 1 oz to 1500 Ib. 6 pages. 
Hamilton Foundry & Machine Co., 1551 
Lincoln Ave., Hamilton, Ohio. G 

Circle 567 on Page 19 


MACHINE DESIGN 





Versatile stop clock measures to 1/100 second 


Today’s product designer, control 
systems engineer, nuclear physicist, 
and graphic panel manufacturer have 
a common need—an instrument cap- 
able of measuring elapsed time to a 
hundredth of a second, with an accu- 
racy better than 0.02 of 1%. 


Wide field—wide requirements 

But there the sameness ends—the 
nuclear physicist needs a hermetically 
sealed device for remote control; the 
product designer requires load switches 
and local pushbutton reset; the graphic 
panel man wants smart appearance. 
The lab technician wants a portable 
model. The military asks for the 
smallest unit consistent with reliable 
readings, while the sports event time- 
keeper must have a large dial. 

How can you meet these diverse 
requirements? Well, here’s the an- 
swer to that question—a product of 
Cramer’s experience and knowledge 
of precision timing. 


Accuracy for everybody 

You select a small, powerful and 
inherently accurate drive motor, add 
a 110-tooth positive clutch and apply 
it on the high-speed shaft. Back it up 
with a potent relay. When the signal 
comes, the unit responds instantly, 
and we have accuracy. 


All-electric operation for flexibility 
Add heart cams on the mainshaft and 
a rugged solenoid to belt them home 
within 1/10 second after the reset 
switch is operated. Now we have elec- 
trical reset, either remote or local. 

For versatility, provide for load 
switches with cams on fast or slow 
pointer shafts. Cut and set at the fac- 
tory, cams will offer a variable number 
(and duration) of pulses per second or 
minute, or with load switches wired in 
series, the unit can be used as a highly 
precise time delay relay or interval 
timer. 


Commercial or Mil-Spec housings 
Now let’s enclose the mechanism. 
Commercial housing is dust-tight and 
has a 12-place terminal block. Also 
developed: a militarized model to with- 
stand high vibration, shock and severe 
environments. A deep-drawn solder- 
sealed enclosure with 14-pin glass- 
beaded header, evacuated and her- 
metically sealed will do it. 
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Dials, pointers — Loewy styled 
What's left? 
things dial and pointers. Let’s 
tackle this for readability, and at the 
same time, shoot for eye-appeal. This 
time we'll go to the styling experts 


The business end of 


famous industrial designers, Ray- 
mond Loewy Associates. They come 
up with the last word in human- 
engineered dial-pointer combina- 
tion for fast, exact readings. Frame 





it with a pleasing bezel that can be 
finished to match or harmonize with 
your panels. 

Now it looks like the precise 
instrument that it is the 
Cramer Type 691 Time Totalizer. 
Bulletin PB 691 tells more about it. 
For detailed information and com- 
plete specifications, write Cramer 
Controls Corp., Box 6, Centerbrook, 


new 


Connecticut. 
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TYPE 691 PRECISION ELECTRICAL STOP CLOCK 


Total Range 


Outer Scale Inner Scale 





60 sec. 
60 min. 
60 min. 


TIME RANGES: 


RATINGS: Motors 


voltages at 50, 60 


all standard 
and 400 eps, and 
28 volts DC (chronometrically gov- 
erned ) : clutches and solenoids all 
standard voltages at 50 and 60 eps, 
and 28 volts DC. 


ACCURACY: Within .01 second for 
60-second units, and within .005 min- 
ute for 60-minute units. 


ELECTRICAL RESET: Actuated either 
by momentarily pressing pushbutton 
on timer bezel, or by closing a remote 
switch. Timer pointers return to zero 
within 1/10 second. 


LOAD SWITCHES: One or two, op- 
tionally available, SPDT, rated 5 
amperes at 115 and 230 volts AC 


TALK IT OVER WITH 


Each Division Each Division 
1 sec. 


1 min. 


.O1 sec. 
.O1 min. 


1 sec. 1 min. 


(resistive), 2 amperes at 25 volts 


DC. 
CAMS: Optional, to operate 


switches. Precision-cut to exact time 


load 


specifications, they can provide a 
series of electrical pulses during tim- 
ing, or transfer switch contacts at any 
point or points within the time range 
of the unit. 


EXTERNAL CONNECTIONS: All con- 
nections to motor, clutch, reset sole- 
noid and load switches are brought 
out to numbered terminals. 


MiL-Specs: Hermetically-sealed mil- 
itary units meet vibration, shock and 
environmental requirements of MIL- 


E-5272 


CRAMER CONTROLS 


CORPO 
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RATION 





RACINE 


Hydraulic: Puna 


OFFER MAXIMUM PERFORMANCE 
AND ADAPTABILITY 


HIGH PRESSURE —LOW VOLUME 
Model LA Radial Piston Pump 
V2 to 20 gpm — up to 10,000 psi. 


RADIAL PISTON PUMPS 
te Ye to 20 gpm — up to 10,000 psi 
% ISO-FLO design for several iso- 

lated flows from one pump 
¢ Isolated flows at one pressure o1 

several pressures 

Ideal for accumulator 

and parallel feed of cylinders 


circuits 


TAILORED TO FIT THE JOB... 
ONE SOURCE — 

ONE RESPONSIBILITY 

Utilize our FREE Engineering Service 
for the most efficient and economical 
circuit. Write or call for complete 
descriptive data on RACINE-SECO 
Hydraulic Pumps and circuit com-- 
ponents. 


Racine Hydraulics & Machinery, Inc. 
2073 Albert Street RACINE, WISCONSIN 
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HELPFUL LITERATURE 





Variable Speed Motor Drive 
The Reeves Sanitary-type Vari-Speed 
Motodrive is designed to fill sanitary re- 
quirements of the food and allied indus- 
tries. Bulletin M-588 describes design 
features and gives condensed drive speci- 
fications. 8 pages. Reeves Pulley Co., 
Columbus, Ind. J 
Circle 568 on Page 19 


V-Belt Drives 


“How to Get Longer Life from V-Belt 
Drives” is title of illustrated manual 
which tells how to select and install V- 
belts, how to detect drive trouble, diag- 
nose belt failures, and correct drive 
troubles. 12 pages. B. F. Goodrich In- 
dustrial Products Co., Akron, Ohio. F 

Circle 569 on Page 19 


Centrifugal Compressors 


Single stage centrifugal compressors for 
petrochemical and refinery applications 
reviewed in bulletin 165 range in capa- 
cities from 1200 to 80,000 cfm. Series OM 
for low pressure air service, and Series 
OPB for gas and high pressure air uses 
are presented. 4 pages. Clark Bros. Co., 
Olean, N. Y. N 

Circle 570 on Page 19 


Localized Plating 


How the Dalic process of high speed 
brush plating can be used to advantage 
in touch-up, bearing fitting, soldering, 
printed circuit manufacture, resizing of 
components, and electrical maintenance 
is explained in booklet entitled, “Practical 
Brush Plating with the Dalic Process.” 
12 pages. Marlane Development Co., 153 
E. 26th St., New York 10, N. Y. D 

Circle 571 on Page 19 


Teflon Hose Assemblies 


Application and design information on 
flexible hose assemblies of Teflon, com- 
plete with fittings, is presented in Bul- 
letin TC-101. Such uses as fluid han- 
dling, hydraulic power service, and elec- 
trical conduit are explained. 16 pages. 
American Brass Co., American Metal 
Hose Div., Waterbury 20, Conn. Cc 

Circle 572 on Page 19 


Friction & Fluid Drives 


Small, medium, and large mechanical 
clutches; wet and air-actuated clutches; 
power take-offs; reduction gears; fluid 
couplings; single and three stage torque 
converters; and marine gears are covered 
with condensed specifications and design 
data in Bulletin 314 on Twin Disc fric- 
tion and fluid drives. 20 pages. Twin 
Dise Clutch Co., Racine, Wis. K 

Circle 573 on Page 19 


Control Valves 
Design features, including single-seated 
valve body, 600-psi ASA rating in all 
sizes, and separable or integral flanges, 
are discussed and illustrated in Bulletin 
LB-3 on Series LB control valves. Oper- 
ation of the Model J valve positioner is 
shown. Optional accessories are illus- 
| trated. 12 pages. Conoflow Corp., 2100 
Arch St., Philadelphia 3, Pa. E 
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NO PREHEAT 
NO POSTHEAT 


OF, 


HIGH TENSILE 
STEEL 


when 
you weld 
NON AL 


AIRCO 
394 


* Airco 394 all-position elec- 
trodes overcome underbead 
cracking in welding of most 
hardenable steels — without 
preheat. 

Make possible high quality 
hardenable steel welds without 
postheat. 


Weld steels of 30% or more 
carbon. 


Recommended wherever steels 
contain both alloying elements 
and high carbon. 
Airco 394 electrodes produce 
a manganese molybdenum 
deposit of low hydrogen con- 
tent. Weld metal is of high 
strength. Arc action is steady, 
beads are smooth, slag re- 
moval is easy. 
FREE — Send for the handy Airco Elec- 
trode Guide. It will help you select the 
right electrode for your specific job. 
Request catalog 1318. 
Authorized Airco Dealers 
in principal cities 


=] = 
AIRCO 
— Ss 


Air REDUCTION 
Sates COMPANY 


A division of Air Reduction Company, Incorporated 
150 East 42nd Street, New York 17, N. Y. 
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HELPFUL LITERATURE 





Cartridge Filters 


Aid in selecting the proper filter and 
cartridge for various fluid and gas serv- 
ices is offered in Catalog 53-101. In- 
cluded are a Micro-Klean selector chart, 
cartridge life curve, flow rate table, and 
other performance data. 12 pages. Cuno 
Engineering Corp., S. Vine Street, Meri- 
den, Conn. B 

Circle 575 on Page 19 


Electronic Tube Holders 


Top-holding tube and component re- 
tainers for electrical and electronic equip- 
ment are described in Catalog 2-TT. 
Types and sizes are available for practi- 
cally every component holding need. 12 
pages. Birtcher Corp., 4371 Valley Blvd., 
Los Angeles 32, Calif. L 

Circle 576 on Page 19 


Hydraulic Components 


Condensed specifications and features 
of hydraulic components for mobile 
equipment are contained in Bulletin 1502. 
Folder reviews directional control valves, 
accumulators, cylinders, hose assemblies, 
and tube fittings. 4 pages. Parker-Han- 
nifin Corp., Parker Hydraulics Div., 17325 
Euclid Ave., Cleveland 12, Ohio. F 

Circle 577 on Page 19 


Air Control Valves 


Details of the new line of two-way air 
control valves for use with air-operated 
hydraulic lifts, hoists, and other indus- 
trial equipment are contained in Bulletin 
F-44. This 14-in. control sells for $13.95. 
2 pages. OPW Corp., Jordan Industrial 
Sales Div., 6013 Wiehe Rd., Cincinnati 
13, Ohio. G 

Circle 578 on Page 19 


Steel Sheets & Strip 


Offered as a buyer’s guide to all types 
of steel sheets and strip, Bulletin 20-1] 
lists types available for prompt shipment 
in the form of coils, stock sizes, and cut- 
to-order sizes. Characteristics of each type 
are stated. Also covered is prepainted 
steel. 8 pages. Joseph T. Ryerson & 
Sop, Inc., Box 8000-A, Chicago 80, Ill. J 

: Circle 579 on Page 19 


Coatings 
Clear and colored roller, spray, and 
screening coatings for use on metal, plas- 
tics, glass, and wood are described in 
plastic-bound brochure. Data is given 
on standard colors, including metallics, 
bronzeless gold, and special effects. Ap- 
plication information is given. 38 pages. 
Bee Chemical Co., 12933 S. Stony Is- 
land Ave., Chicago 33, Ill. J 
Circle 580 on Page 19 


Electrical Connectors 


Battery and power connectors for high 
current capacity and battery disconnect 
applications are covered in detail in re- 
vised Catalog GB-7-2958. Connection of 
auxiliary power equipment to aircraft 
electrical systems is one of applications. 
Specifications are given. 20 pages. Can- 
non Electric Co., 3208 Humboldt St., 
Los Angeles 31, Calif. 3 

Circle 581 on Page 19 
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for applications 
up To 


Winsmith worm gear 
Speed reducers 


Rugged, heavy-duty units capable of handling up to 34 horse- 
power are immediately available from Winsmith’s stock line 
of worm gear speed reducers. To meet your exact requirements, 
Winsmith offers you the widest range of standard models, 
Capacities and drive arrangements from a single source of 
supply. For compact design, trouble-free performance and long- 

run efficiency, economy and durability — 


standardize on Winsmith. 


WRITE TODAY for Catalog No. 155 for infor- 
mation on selection, operation and maintenance of 
the hundreds of types and sizes of Winsmith Speed Reducers. 


WINSMITH, INC. 16 Elton Street, Springville, (Erie County), N. Y. 
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MEU! TYPE AX! 


EAGLE D.C. ae delay relay 


Uses new type 
escapement princi- 
ple. Utmost reliabil- 
ity under severe envi- 
ronmental conditions 
is insured by its rugged 
design and self-starting 
characteristics. 
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EAGLE SIGNAL CORPORATION 
Industrial Timers Division, Dept. MD-1158 
MOLINE, ILLINOIS 


Please send Bulletin 820 containing complete data on AX] 
Time Delay Relay. 
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COMPANY 





ADORESS 





city 
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HELPFUL LITERATURE 





High Impact Plastics 
Properties of some Fiberite materials 
are tabulated and various applications of 
this impact plastic molding compound 
are pictured in folder. 4 pages. Fiberite 
Corp., 512-528 W. Fourth St., Winona, 
Minn. J 
Circle 582 on Page 19 


Cold Finished Bars 


Cold finished steel bars are listed on 
an 11 x 17-in. wall chart which lists 241 
AISI grades and their chemical analysis. 
Machinability ratings are given and a 
table of weights gives pounds per foot 
for each shape and diameter. 5 pages. 
La Salle Steel Co., Box 6800-A, Chicago 
80, Ill. J 

Circle 583 on Page 19 


Lubricants 
Effect of lubricants on the wear-in of 
new machinery is discussed in Lubrica- 
tion Newsletter No. 5. An engineering 
study of the surface geometry of mating 
surfaces is included. Actual test records 
are pictured and analyzed. 8 pages. Alpha- 
Molykote Corp., 65 Harvard Ave., Stam- 
ford, Conn. B 
Circle 584 on Page 19 


Hydraulic Cylinders 


Technical specifications, design fea- 
tures, mounting dimensions, dimensional 
drawings, and ordering information for 
Powrdraulic cylinders are found in illus- 
trated Catalog 900. The 14 to 8-in. 
bore sizes listed are for 2000 psi or 3000 
psi nonshock service. 8 pages. Hanna En- 
gineering Works, 1765 N. Elston Ave., 
Chicago 22, Ill. I 

Circle 585 on Page 19 


Servo Motors 
Design features of totally enclosed, ball 
bearing, and full slot, spiral, direct cur- 
rent servo motors are featured in Bulletin 
GEA-6831. They are suited for fast re- 
sponse to control signals in applications 
requiring frequent starts, stops, reversals, 
and widely fluctuating loads. 2 pages. 
General Electric Co., Schenectady 5, 
.' ¥: S 
Circle 586 on Page 19 


Rating Electron Tubes 


Application Note AN-174 __ entitled 
“Design-Maximum System for Rating 
Electron Tubes” reviews the significant 
differences between the three rating sys- 
tems now in use: Absolute-maximum, 
design-center, and design-maximum. The 
latter is discussed in detail. 32 pases. 
Radio Corp. of America, Electron Tube 
Div., Harrison, N. J. D 

Circle 587 on Page 19 


Cylinder Rod Wiper 
Two-bladed Houghto Seal-Guard hy- 
draulic cylinder rod wiper which clears 
dust, grit, weld splatterings, mud, and 
ice from a reciprocating rod is subject 
of illustrated bulletin. Stock sizes are 
listed and installation data are included. 
4 pages. E. F. Houghton & Co., 303 W. 
Lehigh Ave., Philadelphia 33, Pa. 
Circle 588 on Page 19 


MACHINE DESIGN 





HELPFUL LITERATURE 





Selenium Rectifiers MT -) SMU lelatet-lilale, 
Selenium Slims, described in illustrated 

bulletin, are high voltage, cartridge type, “ 

selenium rectifiers with direct current ‘@) r a NM ite 

ratings of up to 10 milliamp and 12,365 

v. Glass or phenolic tube types are avail- 


able. 8 pages. Syntron Co., 260 Lexing- 
ton Ave., Homer City, Pa. F S O Ve S 


Circle 589 on Page 19 | 





Timing Devices ae foto P- War - Metal ifet-|) 
Bulletin 700 is descriptive of running 

time meters and synchronous motor | » 

driven reset time totalizers. Instruments | 

are available for use on 115, 220, or 440- | ‘o She} | Q NM 

v 25, 50, or 60-cycle ac. 2 pages. Indus- | 

trial Timer Corp., 1407 McCarter High- | 


way, Newark 4, N. J. D ‘an | 
Circle 590 on Page 19 e)ge)e)(- S! 


Insulating Laminates 
Grade G-5, a laminated plastic having 
high tensile and flexural strengths plus 


high arc and flame resistance, is de- ¢€ He : . CORROSION 


scibed in Technical Data Bulletin 4.5.1. 


Applications in electric equipment are Ms oes ae al e STICKING 


discussed. 4 pages. Taylor Fibre Co., 


Norristown, Pa. E st este ; oe 
isto si a fume . a oe « DISTORTION 
Electrical Connectors ake . ) e GUMMING 
Specifications, dimensions, and general | | ‘. mae . e CONTAMINATION 


information on the new Series G mini- 


ature electrical connectors are given in | it i a £ e SWELLING 


Bulletin G. They are available with 2, 3, 





and 4 contact arrangements. 2 pages. 


DeJur-Amsco Corp., 45-01 Northern Blvd., 


D Ss 
Long Island City 1, N. Y. ! 
Sinan  =WOA MORGANITE 


Temperature Regulators Bearings, Seals, Piston Rings, 
Extensive line of temperature regula- . 
tors, safety controls and mixers, pressure Valves, Slides, Contacts, etc. 
regulators, vacuum valve, liquid level Insure trouble-free operation in continuous service in high tem- 
control, packless valves, and bulbs is 5 in eal ti : 
briefly discussed and illustrated in Con- peratures and pressures, oil, corrosive acids, gases, grease and 
densed Catalog D. 12 pages. Robertshaw- grime. Morganite components “step-up” efficiency, reduce fail- 
Fulton Controls Co., Fulton Sylphon ures and machine down-time. Install application-tested 
Div., Knoxville 4, Tenn. A MORGANITE components for better performance on aircraft 
Circle 593 on Page 19 and industrial fuel pumps, meters, food and processing equip- 
° oge ment, jet engine pumps, radar equipment, conveyors, compressors, 
Magnetic Amplifiers sealed mechanisms and wherever lubrication is a problem. Engi- 
Text and diagrams serve to explain the neering bulletins on typical applications available on request. 
principles of magnetic amplifiers in Bul- 4 
letin 1105-1. Performance curves illus- CALL OR WRITE now, for complete information or recommen- 
trate operating characteristics, and schema- dations on your specific applications. Morganite engineers will 
tics show how amplifier is incorporated gladly assist in working out your problems. 
into theater dimmers, autopilots, servo 
systems, speed regulators and boiler con- : 
trol systems. 36 pages. Available on ' 
letterhead request from Vickers Inc., Elec- : 
tric Products Div., 1815 Locust St., St. : 
' 
: 
' 


~~ 
; “=e 
Louis 3, Mo. I a 


Self-lubricating 
Radar Contact 


Drum Controller 
Contact 


Current 
Collector 


Jet Engine 
Dynamometers Pump Vane 


“Dillon Dynamometers at Work in the 


World” is title of this _ stiff-covered 
brochure which pictures the use of tract’on Mi _FOR OVER HALF A CENTURY 
type dynamometers for measurement of 
tensile, compression, or torque forces. All is 

views are 8 x 10 in. and each includes INCORPORATED 3314 48th Avenue 

pertinent engineering data and related Long Island City 1, N.Y. 

facts. The application book will be avail- 

able for a limited time for 50 cents when | 

requested on company letterhead. 86 Manufacturers of Fine Carbon Graphite Products including Mechanical Carbons, Motor 
pages. W. C. Dillon & Co., Box 3008, | and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts. 


14620 Keswick St. Van Nuys, Calif. L Distributors of 99.7% Pure Al,0; Tubes and Crucibles 
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Use Yellow Card, page 19, to obtain more information 


Teflon Terminals 


subminiature units are 


only 0.306 in. high 
Press-Fit type FT-SM-125 submini- 


ature Teflon terminals have a trun- 
cated end for one of the two lugs, 


acting as a stop to prevent wrapped 
wire leads from slipping off until 
they can be soldered. Terminals have 
over-all height of only 0.306 in., fit 
into an 0.081-in. diam hole, and can 
be accommodated in any chassis up 
to 0.035 in. thick. They are avail- 
able in code colors as well as white. 
Sealectro Corp., Mamaroneck, N. Y. 

D 
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Solenoid Valve 


three-way unit 


has nylon body 


SV-54 three-way nylon-body sole- 
noid valve is available for general- 
purpose and OEM__ installations 
where long life is essential. Nylon 
seat and port threads with dry seal 
do not loosen under severe vibra- 


tion. Valve is available in normally 
open, normally closed and direc- 
tional-control configurations. Shock- 
resistant and pressureproof, it is 
available in all normal ac and dc 
voltages. Valcor Engineering Corp., 
365 Carnegie Ave., Kenilworth, N. J. 

D 
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Flange-Type Coupling 


can be bolted 
directly to flywheel 


Model GHF flange-type coupling is 
available in sizes from 35 to 700 hp 
at 1800 rpm. It incorporates a 
flange for use on gasoline motors 
and other drives where coupling 


must be bolted directly to flywheel. 
Unit is also furnished with tapered 
bore to accommodate QD bushings. 
Gerbing Mfg. Corp., Northbrook, 
Ill. J 


Circle 596 on Page 19 


Heavy-Duty Time Switch 


controls substantial loads 
even under severe conditions 


Series 2100 heavy-duty time switch 
controls substantial loads even un- 
der severe operating conditions. 
Switch rating is 55 amp at 120/240 
v ac. Plunger-action, copper-to-cop- 
per contacts are mounted integrally 
with pressure-type copper wiring 
terminals. Switches are equipped 
with synchronous, self-starting mo- 
tors with motor-current consump- 
tion of 3 w. Motors maintain syn- 
chronous speed at temperatures from 


—20 to 150 F. Standard motor is 
used with 110/125-v, 60-cycle cur- 
rent with neutral tap for three-wire, 
240-v circuits. Paragon Electric Co., 
Two Rivers, Wis. K 
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In-Line Mechanisms 


consist of rotating components 
on common or adjacent shaft 


New electromechanical subassem- 
blies known as in-line mechanisms 
consist of motors, reduction gears, 
clutches, potentiometers, switches, 
and other rotating components com- 
bined on common or adjacent 
shafts. They provide a_ logical 
grouping of design elements with 
reduced size and increased accuracy. 
Advantages include elimination of 
complex gearing and backlash, and 
provision of greater latitude in se- 
lection of transducers. Typical 
units include a synchro control 
transmitter and precision potenti- 
ometer mounted on a common 
shaft, an analog and digital read- 
out for altitude measuring equip- 
ment, and a function programmer 
consisting of a two-phase servo mo- 
tor, 1000:1 gear train, three pre- 
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Quietest 
Direct Drive 
Blower Motor 


Place a mechanic’s stethoscope on the end cap 
and you can easily hear the difference between 
the newly-designed Redmond Type AY and 
motors of conventional design. Try it on a Red- 
mond 1/6 hp—the noise level is about that of a 
1/35 hp motor of conventional design. 


New Kedmond Design Reduces Blower Vibration to 
One-Fifth that of units using Conventional Shaded-Pole Motors 


The new AY is ideal for a wide variety of appli- 
cations requiring a whisper-quiet, economical, 
high-quality motor. Contact us at Owosso, Michigan, 
and we will have the Redmond sales engineer in your 
district call you at once. 


Apply vibration tests and you will be quick to agree 
that here is the quietest direct-drive blower motor 
available. The AY Tri-Flux motor is designed and 
manufactured in every way to give years of trouble- 
free service and whisper-quiet operation. The positive 
oil system provides force-feed lubrication. Recirculating 
the oil assures maximum bearing life. 


The graph shows vibration test results on the 
new Redmond design and two competitive motors. 
These tests were made with the best vibration testing 
equipment available. The solid black bar shows vibra- 
tion on the motor end cap; the gray bar shows vibration 
on the blower housing. The graph is decibel readings on 
120 cycles, since the 120 cycle frequency is the one that 
is the basic source of nearly all noise problems. Reduc- 
tion of vibration is a logarithmic function—the reduc- 
tion of vibration in the Redmond motor to 33 decibels 
reduces noise to only 1/5th that of conventional motors. 
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cision potentiometers, and a single- 
Here’s how they cut equipment | pole four-throw printed - circuit 
switch. Spectrol Electronics Corp., 
1704 S. Del Mar Ave., San Gabriel, 
Calif. M 
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operating costs with 2000 psi 
DENISON hydraulic power 


Automatic Transmission 
for small 
motorized vehicles 


New automatic transmission for 
small motorized vehicles has maxi- 
mum capacity of 4 hp at 2400 rpm 
and has life expectancy of 2600 hr. 
It can be used on vertical-shaft en- 


FOR LOW-COST 
OPERATING POWER 


No. 3 


: gines. Weighi ly 13 Ib, uni 
Why CATERPILLAR picks DENISON iis tne forward, onc reverse, and 


neutral speed. Transmission is per- 
manently lubricated. Cizek Mfg. & 
Distributing Co., Clutier, lowa. I 


to power the No. 9 Ripper 


Ws’ Because dependable 2000 
psi Denison hydraulic power 
helps Caterpillar build lower operat- 
ing cost and continuous, troublefree 
performance into its rugged earth- 
moving units. 

Case in point: Here’s Caterpillar’s 
No. 9 Ripper—another of many con- 
struction units to be factory-equipped 
with Denison hydraulic equipment. 
The Ripper’s hardworking teeth are 
powered by a single Denison vane- 
type pump which provides plenty of 
reserve “go” for toughest workloads. 

Plus benefits: All-weather pump 
Starting without pump damage... 
speedy field servicing .. . less weight 
. . . less cost-per-horsepower — with 
a Denison pump as the heart of a 
hydraulic system. 

Caterpillar picks Denison hydrau- 
lic equipment for reliability... 


Denison and Denison HydrO!Lics are registered 
trademarks of Denison Eng. Div., ABSCO 


DENISON 
7-540) | wave 


quality... proven field performance. 
It pays off in helping keep Cat® units 
operating continuously . . . profitably 
month after month. 

Ask your Denison Hydraulic Spe- 
cialist about how Denison hydraulic 
power ...up to 5000 psi... can im- 
prove performance of yourequipment, 


2000 PSI HYDRAULIC POWER... for oper- 
ating Caterpillar’s rugged No. 9 Ripper is 
delivered by a single Denison “T”’ series 
vane pump. Payoff: Jobs get done with trouble. 
free power to spare for toughest workloads. 


DENISON ENGINEERING 
DIVISION 


American Brake Shoe Co. 
1240 Dublin Road ¢ Columbus 16, Ohio 


HYDRAULIC PRESSES © PUMPS @ 
MOTORS ¢ CONTROLS 
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Flexible Metal Connectors 


general-purpose units 
have high burst strength 


General-purpose flexible metal con- 
nectors, designated Series B and S 
Flex-Hose, have new braid design 
which provides especially high burst 
strengths, Flex-Hose is corrugated, 
seamless tubing, protected and re- 
inforced by outer braiding. Maxi- 
mum steady working pressures at 70 
F vary with size up to 1700 psi. 
Operating temperatures can be as 
high as 750 F, depending upon 
material used. Series B hose has 
bronze tubing, single bronze braid- 
ing, and brazed fittings, for 12 pipe 
sizes from 14, to 4 in. ID. Series S 


merce 
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has steel tubing, braid woven of 
braided steel wire, and welded fit- 
tings, for seven pipe sizes from 5 to 
16 in. ID. Korfund Co. Inc., 48-190 
32nd Place, Long Island City 1, 
~. f. D 
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Core-and-Coil Transformers 


are 15 per cent smaller and 
lighter than previous units 


Two new lines of low-cost core-and- 
coil transformers are 15 per cent 
smaller and lighter in weight than 
previous designs. They have all- 


* 


“é 


= 


welded, four-poster core-clamping 
frame provided with slotted feet for 
machine-tool and panel applica- 
tions. Transformers are available 
with terminal board, circuit break- 
er and fuse block accessories, or 
with leads out. Units are used to 
step down voltage of 240, 480, or 
600-v distribution circuits used to 
supply small individual loads for 
control circuits, hand tools, motors, 
utility outlets, and work lights, and 
6 to 32-v relays, lights, and other 
similar signal devices. Voltage is 
stepped down at the load, eliminat- 
ing need for long secondary distri- 
bution circuits. General Electric 
Co., Schenectady 5, N. Y. C 
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Subminiature Servomechanism 
is available in kit 
or assembled form 
Model 20-200 servomechanism is 
available assembled or in kit form 
for use as a complete hermetically 
sealed, integrally lighted airborne 
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indicator, analog computer element, 
or control device. Large number of 
readout and component arrange- 
ments can be obtained to suit indi- 
vidual airborne military, industrial, 
or laboratory applications. Internal 
components can be arranged rapidly 
and easily in a variety of gear ratios, 
input-output components, and read- 
outs. Seven shafts operating in ball 
bearing are available for gearing, 
and as many as three servo loops 
can be accommodated in a single 
unit. Up to six rotating compo- 
nents, size 8 (or two size 8 and two 
size 10) can be installed. Length 
varies according to application. 
Servo Development Corp., 567 Main 
St., Westbury, N. Y. D 

Circle 602 on Page 19 


Epoxy Adhesive 


is applied without 
sagging or running 


One-part epoxy adhesive, designated 
Isobond 321, is a high-strength ad- 
hesive which is applied to any sur- 
face, including vertical, without sag- 
ging or running. Electrical insula- 
tion properties are excellent. Ad- 
hesion is very good to metals, ceram- 
ics, glass, cement, and all other 
temperature-stable materials. Oper- 
ating temperature range is —55 to 
200 C. Isochem Resins Corp., 22! 
Oak St., Providence 9, R. I. B 
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Capillary Tubing 
is up to 3000 ft long 


Capillary tubing (3/16 in. OD or 
less) is now furnished in lengths 
up to 3000 ft. Longer tubing 
lengths provide greater uniformity 
than is possible when drawing same 
size of tubing at different times 
under different conditions and with 
different dies and mandrels. One 
continuous length of tubing can be 
used from sensing to indicating ele- 
ment, recording or controlling sec- 
tion of instruments, even though 
sensing element is distantly located. 
Standard capillary tubing is made 
from AISI Types 304, 316, 321, 347, 
and 446 stainless steels, C-1008 car- 
bon steel, nickel, Monel, and In- 
conel. Tubing is furnished in ran- 
dom, multiple, and cut straight 
lengths up to 39 ft. Coils are fur- 


How you save time 
and money with 


DENISON 
Super Market 


hydraulic service... 


1. BRING US YOUR PROBLEM — Whatever 
hydraulic problem has you stumped. A trained 
Denison Hydraulic Specialist is ready to help 
you solve it. 


r WE’‘LL DEVELOP YOUR CIRCUIT — The most 
eficient hydraulic circuit to handle your specific 
needs. We can do this while you wait. 


3. PICK OUT WHAT YOU NEED — Right off the 
shelf—from Denison’s complete stock of hydrau- 
lic pumps, motors, valves and controls up to 
$000 psi 


4. TAKE HOME YOUR COMPLETE HYDRAULIC 
SYSTEM—Ready to work! Circuit drawings and 
hydraulic parts are yours in one complete package, 


in CHICAGO 


7000 West 63rd Street 
Phone: REliance 5-7474 


and in- LOS ANGELES « DETROIT + CLEVELAND 
HOUSTON + ATLANTA + NEWARK 


DENISON ENGINEERING DIVISION 
American Brake Shoe Co. 
1240 Dublin Road . Columbus 16, Ohio 
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HEAVY DUTY RELAYS 
GREATEST Control 
Versatility Ever Offered 


600 VOLTS AC © 10 and 15 AMPS e 2, 3, 4, 6 or 8 POLES 
¢ RUGGED and RELIABLE . . . with exceptional electrical and me- 
chanical life. Simple construction for easy maintenance. 


¢ OPTIONAL PLUG-IN RECEPTACLE .. . allows fast replacement 
of relay without disturbing wiring. Minimizes down-time on 
high-output machines. 
FAST, EASY COIL REMOVAL . . . just remove 2 screws, swing 


coil to front and lift out entire assembly. 


SIMPLE CONTACT CONVERSION ... 
normally-closed. No tools needed. 


MOST VERSATILE LATCHING ATTACHMENT... . exclusive 
with A-H. Only attachment that converts in the field from 
“latch-in” to “Jatch-out” or “latch in-and-out.” 

AVAILABLE . . . with AC or DC holding coils. 


For free copy of the 8-page Heavy Duty Relay Catalog 
Section, write to The Arrow-Hart & Hegeman Electric Co., 
Dept. MD, 103 Hawthorn Street, Hartford 6, Connecticut. 


ne OPTIONAL 
PLUG-IN 
RECEPTACLE 


from normally-open to 


OPTIONAL 
LATCHING 
ATTACHMENT 





4 lbs. approx. 
TYPES 
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nished up to 3000 ft long in diam- 
eters of 18, 24, 30, or 36 in. Supe- 
rior Tube Co., 1578 Germantown 
Ave., Norristown, Pa. E 
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Pressure Control 


is dual-switch unit 
for air, gas, liquids 


Type J99A_ dual-switch pressure 
control is a wide-range, explosion- 
proof unit suitable for air, gas, or 
liquid pressures in hazardous loca- 
tions where explosive gases or va- 
pors are present. Two completely 
separate switches permit independ- 
ent switch actions, control of two 
independent circuits, and flexibility 
of switching arrangement. Pres- 
sure settings are made by removing 
cover and setting hexhead adjust- 
ment screws. Switches can be set 
together to simulate double-pole cir- 
cuitry or set apart to obtain inde- 
pendent operation. Control has 
cast-iron base and aluminum cover, 
permitting use in Class 1, groups 
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C and D; Class 2, groups E, F, and 
G; and Class 3 as defined by Na- 
tional Electrical Code. United 
Electric Controls Co., 79 School St., 
Watertown, Mass. B 
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DC Control Motor 


is permanent-magnet, 
1/6-hp unit 


Model PC industrial de control mo- 
tor withstands severe service in ad- 


Switches ¢ Enclosed Switches 
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verse environmental conditions as 
encountered in processing, chemical 
and petroleum industries, and in- 
dustrial automation applications. A 
permanent-magnet, 1/6-hp unit, it 
is designed as a building block for 
incorporation in control equipment, 
and is available with an integral 
tachometer-generator giving a 0 to 
5-ma output signal linearly propor- 
tional to its speed. Speed is 0 to 
4000 rpm, and torque is 40 oz-in. 
Rotron Controls Corp., Woodstock, 
N. Y. D 
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Miniature Connectors 


space-saving units 
are for side mounting 


Series G miniature connectors are 
small, rectangular units designed 
for side mounting. Reverse pin and 
socket construction is adaptable to 
various pin arrangements that ac- 
commodate different circuit require- 
ments. Over-all width varies from 
less than 1, to approximately 7 in., 
and thickness varies from 14 to 
slightly over 14 in. Side mounting 
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also permits stacking of several units 
for compact assembly. Two, three, 
and four-contact units are available. 
Electronic Sales Div., DeJur-Amsco 
Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y. D 
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Teflon Tape 


for temperatures from 
—350 to 500F 


New Teflon tape, designated Fluo- 
rolin 600, has _pressure-sensitive 
silicone adhesive and superior bond- 
ability and stability under extreme 
conditions. Layers of submicron- 
sized particles of Teflon are fused 
together to build up film thick- 
nesses from 0.00025 to 0.005 in., 


providing a film free from pinholes 
and blemishes, and with excellent 
mechanical, chemical, and electrical 
properties. Film has many appli- 
cations in the aircraft, electrical, 
and electronic industries. Joclin 
Mfg. Co., Wallingford, Conn. B 
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Stepper Motor 


has stepping rates 
of 90 pulses per sec 


Model PMI112A3 Size 11 stepper 
motor is a permanent-magnet rotor 
bidirectional unit for precision ro- 
tary motion without reciprocating 


parts. Low rotor inertia plus low 
inherent power requirements pro- 
vide stepping rates of 90 pulses per 
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sec in random pulse direction. Mo- 
tor is available with internal logic 
circuitry, either mechanical or solid 
state, for adaptation to existing sys- 
tems and circuitry. Maximum 
weight is 4.7 oz. Unit operates in 
ambient temperatures from —55 to 
100 C. Instrument Div., American 
Electronics Inc., 655 W. Washing- 
ton Blvd., Los Angeles 15, Calif. L 
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Four-Way Valve 

is light, compact, 

low-cost unit 
Dual-Seal, compact, lightweight, 
four-way valve is available in 1,4, 
344, and 1/-in. port sizes. It has 


Reliable - Low-Cost —-Durable 
The NEW Type “DR” Reversing 
Drum Switch 





WEIGHT 


1% Ibs. approx. 


For complete information on this new Type “DR” Reversing Drum 
Switch, write to The Arrow-Hart & Hegeman Electric Company, 
Dept. MD, 103 Hawthorn Street, Hartford 6, Connecticut. 
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. Easy-To-Read Name Plate. 


. Easy Conversion from Maintained to 
Momentary Contact. 


. Self-Centering Handle with Positive 
Spring Action. 


. Heavy, Silver Plated Contacts for Long 
Electrical Life. Fully Visible, Easily 
Replaceable. 


. Easy-To-Wire Terminals. 


. Simple, Rugged Construction for Long 


Mechanical Life. 


. Insulation Barriers Between Contacts Pre- 
vent Flashovers. 


CATALOG NO. DR-001: Size 00, has 3 poles 

arranged to break 2 lines to motor. Rated 1 

+p maximum at 115 volts ac, single phase 
. . or 220 volts ac, polyphase. 


CATALOG NO. DR-02: Size 0, has contacts 
arranged to break 3 lines to motcr. Rated 1 
hp maximum at 115 volts ac, single phase 
to 2 hp maximum at 440-550 volts ac, 
polyphase. 





THERMAL SHOCK 


A CASE IN POINT-—This 20 pound Ni-Resist casting made for the 
Schwitzer Corporation by Hamilton Foundry is the turbine casing of a diesel 
engine turbocharger. Exhaust gases which turn the impeller at speeds up to 
90,000 rpm subject the housing to rapid cyclic temperature changes up to 
1500° F. Any free scale formed at these temperatures could erode and 
eventually destroy the impeller blades. Ni-Resist was chosen for this part 
because it produces practically no free scale, it resists growth and oxidation 
at high temperatures, and it resists cracking under thermal shock. 

Ni-Resist iron combines three particular product engineering and de- 
sign advantages. It resists oxidation: as low as .002 inches per year 
oxide penetration at 1400° F. Scale formed adheres to the base metal and 
reduces further oxidation to a minimum. It has high temperature strength: 
up to 12,000 psi at 1500° F. And it’s the toughest of all flake graphite 
irons: Charpy impact strengths (unnotched) up to 150 ft.-lbs. Hamilton 
Foundry casts all types of Ni-Resist including Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 
foundry is your best insurance that specifications—and delivery schedules 
—will be met. 


GRAY IRON * ALLOYED IRON * MEEHANITE@® * DUCTILE (NODULAR) IRON © NI-RESIST * DUCTILE NI-RESIST © NI-HARD 


The Hamilton Foundry & Machine Co., 1551 Lincoln Ave., Hamilton, Ohio TW 5-7491 
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only three moving parts, reducing 
maintenance problems. Solenoid 
and cover can be detached easily 
without tools, and valve is inopera- 
tive with cover removed. Stand- 
ardized, interchangeable manifold 
bases permit grouping of two to ten 
valves. When combined, bases form 
a single inlet, single exhaust, and 
single conduit channel. Mechanical 
Air Controls Inc., 10030 Capital, 
Oak Park, Detroit 37, Mich. H 
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Centrifugal Blowers 


cool electronic equipment 
with 20 to 2000-cim flow 


Low pressure centrifugal blowers in 
diameters from 2 to 9 in. cool elec- 
tronic equipment in aircraft, mis- 


siles, radio, and computer service. 
Range of air delivery is from 20 to 
2000 cfm, depending upon impeller 
size and motor speed. Input power 
is provided by either ac, dc, or 400- 
cycle aircraft motors. Total weight 
of unit is less than 2 lb. Torring- 
ton Mfg. Co., Torrington, Conn. B 
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Industrial Relays 


small units require 
low operating power 


Frame 219 relays are compact in- 
dustrial control units having small 
size and low operating power. They 
are mechanically protected by plas- 
tic covers and have plug-in construc- 
tion for easy servicing. Accepted 
standards of insulation include spac- 
ings of 14 in. through air, 1 in. 
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Ten fastening problems solved by ELASTIC STOP nuts 





Vibration and impact proof 
bolted connections in 
standard applications. 

















On all electrical terminals 
subjected to vibration in 
transit or operation, and for 








any electrical or electronic 
assembly where positive 





Spring-mounted connec- 
tions or dynamic balancing, 
where nut must stay put 
yet be easily adjusted. 
(Flanged face eliminates 
need for extra washers. ) 


On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 
design for limited clear- 


contact must be main- 


tained. 





To seal bolt threads where 
leakage past stud threads 
must be prevented. 


For bolted connections re- 
quiring predetermined 


TIGHTENED AGAINST THE WORK 
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Blind fastening applica- For rubber-insulated and 

tions where nut is cushion mountings where 

“clinched” into sheet metal the nut must not work up 
. becoming self-retaining | =s or down. 

as well as self-locking. = 











To eliminate drilling and 
tapping and provide steel 
thread strength for soft 
metais, an ESNA spline nut 
is pressed into a bored hole 
in casting. 


HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 








The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration or stress reversals, and seals against liquid seep- 
age. By bringing nut and bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort or 
gall bolt threads. It is reusable many times. 

Send for the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product for specific self-locking fastener recommendations. 
Write to Dept. N30-114. 


Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces. 


FOR MANY SPECIAL FUNCTIONS 
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ELASTIC STOP NUT CORPORATION OF AMERICA. 
2330 VAUXHALL ROAD, UNION, NEW JERSEY 








1 NMiICKERS. 
| MAGNECLUTCH. 








The most versatile and dependable 
clutch for power transmission and torque contro/... 
MAGNECLUTCHES lick the toughest application problems 


The Vickers MAGNECLUTCH consists fundamentally of two rotating concentric 
cylinders coupled by dry magnetic particles under the influence of a magnetic field. 
With no direct contact between clutching surfaces, there is no wear; life of the 
MAGNECLUTCH is exceedingly long 


magnetizing coil current 


Torque is easily regulated by varying the 


Unlike all other industrial clutches, torque transmitted is independent of speed. 
Since starting and running torques are the same, there is no er ab or chatter during 
acceleration or braking periods; operation is extremely smooth Porque is transmitted 
it zero slip with LOO mechanical efficiency. MAGNECLUTCHES have a broad 
range of operating speeds, provide torque limiting, fast response, and can be easily 
and remotely controlled 

The many unique features of MAGNECLUTCHES make them the most versatile 
and dependable clutches available, whether for tension control, cycling (start-stop) 
operation, torque limiting, controlled acceleration, wind-up, starting of high inertial 


oads, or constant torque transmission. Write for Bulletin 6000A 
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over surface, and minimum of 1500 
v ac dielectric test. Contacts have 
10-amp current-carrying capacity. 
Stock contact arrangements are 
DPDT on octal plugs and DPDT 
plus two normally open contacts on 
12-pin octal style plugs. Typical 
unit is 1-7/16 in. wide x 2% in. 
deep x 2-7/16 in. high, not includ- 
ing octal plug. Struthers-Dunn Inc., 
Lambs Road, Pitman, N. J. E 
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Gearmotor 


has speed range of 
1 to 420 rpm 


New gearmotor, with applications 
in units such as automatic vending 
machines, is totally enclosed and 
lubricated for life. Speed range is 
1 to 420 rpm, and power range is to 


| 
Sales Engineering Offices: Boston ¢ Chicago © Cleveland i : H 
Detroit * New York © Washington, D.C. « Los Angeles an 
VICKERS INCORPORATED cra er 

| 


F SPERRY RAND 


ELECTRIC PRODUCTS DIVISION 


ST STREET »- SAINT LOUTS 3 MISSOURI 
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GRIPCO LOCK NUTS 


at low cost that can save you production time, 


40 lb-in. Power range is available 
with five interchangeable motor 
heads plus wound shading pole re- 
versible. Motor is equipped with 
rigid support for both driving and 
driven members. Motoresearch Co., 
1600 Junction Ave., Racine, Wis. K 


speed application, and resist vibration Gest Ned es aoe 06 


Directional-Control Valves 


are multiple-section 
series-type units 


S4 and S6 multiple-section, series- 
type directional-control valves, rat- 
ed for pressures up to 2000 psi, 
provide directional control of pump 
flow to and from actuating cylin- 
ders and hydraulic motors in sys- 
tems for mobile equipment. Series 
flow pattern permits more than 


CENTER LOCK NUT 


Can be applied from either end, 
double chamfered, with locking 
feature in the center. Greater appli- 
cation speeds now possible. Auto- 
matically fed, they will lock wherever 
turned on bolt. Available in steel 
from stock. Other metals on special 
order. Send for samples. 
Complete data on sizes. 

Write for this new 

FREE catalog today. 


GRIPCO LOCK NUTS 


Simple, one piece design, no inserts, 
no separate locking devices, nothing 
complicated. The locking action is 
within the nut itself and you get low 
initial cost with lower application 
costs, WITH increased customer sat- 
isfaction. Ask for your samples now. 


103. Maple Ave. ° Sout Whiley, Ind. 
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Oil HOLE 
COVERS 


Style GB — No. 527 
Ball Valve 


Style | —No. 1204 
Brass Elbow (Threaded) 


GEAR CASE GAUGES 


Screw mounted, to set flush. 
Glass port is backed with white 
enameled reflector, to make oil 
level (in gear case or transmis- 
sion) readily visible, even in 
dim light. Style CW — No. 4032. 


SIGHT 
GRAVITY 
FEED 
OILERS 


Rate of oil 
flow regulat- 
ed by needle 
valve, direct- 

ly observed 

through sight 

glass in stem. 

Shut-off knob does not affect 

needle valve adjustment. Visi- 

ble oil supply. Non-breakable. 

Tops in convenience and de 

pendability, at low cost. Style 
NFU—No. 3602-A. 


SIGHT GAUGES 
For use where rate of 
oil flow must be reg- 
ulated to suit changing 
operating conditions. 
Needle 
mvadtlive 


| i permits 
‘extremely 
accurate 


adjustment 

of oil feed. 
Sight glass provides 
direct observation of 
rate of oil flow. Accu- 
racy and convenience 
at a moderate price. 
Style PF—No. 4290. 


LUBRIKIT ... An assortment 
of 95 oil cups of 29 different 
types. Gits sales records 
- show these oilers are most 
used for replacemont and 
maintenance. Contents of 
each separate bin are 
clearly described on Inside 
Cover. 

Special Introductory Price 
just $1495 F.0.8. Factory 
Setisfaction or your money back: 5 
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GEAR 
CASE 
GAUGES 


This oil gauge plug permits in- 
stant checking of oil level within 
a transmission or gear case. For 
use where construction permits 
insertion in tapped hole. A val- 
uable addition to any such 
equipment — at very low cost. 
Style BW—No. 4042. 


Don't price yourself out of the mar- 
ket. When you design proper lubri- 
cation into your equipment, specify 
GITS Lubricating Devices—the wid- 
est selection available anywhere. 
The items pictured above are only a 
few of our many thousands of lubri- 
cating devices. At the design stage, 
get the GITS story. Free Engineering 
Service. Send NOW for your free 
Catalog. 





G1ITSsS BROS. Mrs. (Co. 
The Standard For Industry For Almost Half A Century 
1868-C South Kilbourn Avenue 


Chicago 23, IIlinois 


Clip this page for handy “rough reference” 
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Solve Your 


HOT PROBLEMS 


with 
VULCAN 


VERSATILITY 





TUBULAR 
HEATERS 


Use Vulcan Electric Tubular Heaters 
when you need considerable heat in 
confined space: straight or formed in 
variety of shapes for liquid, gas or 
metal hecting; for casting into iron or 
aluminum. Threaded fittings are avail- 
able for liquid immersion heating — 
water, oil, etc. 

You have a wide choice of sizes —10” 
to 148” (or longer); diameter — .250”, 
280", .333", .450"; wattage — 10 
to 10,000 (or higher); voltage — stand- 
ard 120 or 240, special 6 to 480 (or 
higher); sheaths — copper, steel, high 
temperature alloys; finned also avail-. 
able. 

When your hot problem calls for 
unusual specifications, you get a speedy 
solution through Vulcan Versatility in 
engineering or production. Standard or 
special, Vulcan is ready to supply your 
complete needs in low cost efficient 
heating units — tubular, immersion, 
cartridge, strip, finned, band and ring 
heaters. Send coupon for catalog 
and prices. 


(VULCAN) 


ELECTRIC COMPANY 
DANVERS 6, MASS. 
Cartridge * Strip Tubular « immersion Electric 


Heaters + Soldering and Branding Irons 
Solder and Glue Pots 








VULCAN ELECTRIC COMPANY 
Danvers 6, Mass. 


Please send catalog and price information 
on Vulcan Electric Heaters. | am especially 
interested in (check): 


0 Tubulor 0D Strip 
0 Immersion CO) Finned 
OC) Cartridge C) Other 
NAME & TITLE 

COMPANY 

STREET & NO. 


CITY & STATE 
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one cylinder or hydraulic motor to 
be operated simultaneously in a 
positive sequence, regardless of load 
equality. Increased rigidity in body 
design permits higher operating 
pressures to be used without spool 
bind. S4 and S6 valves are rated 
for 25 and 35 gpm maximum flow, 
respectively, and are supplied with 
any number of operating sections 
from one to ten. Hydraulic Div., 
Sundstrand Machine Tool Co., 
Rockford, Ill. K 

Circle 614 on Page 19 


Miniature Contactor 


switches loads 
up to 60 amp 


MB miniature contactor is capable 
of switching loads up to 60 amp 
with control signals as small as 2.7 
w. It is furnished with SPST 
double-break contacts, either nor- 
mally open or normally closed. In 


addition to normal load currents of 
60 amp at 30 v de, contacts handle 
starting surges up to 150 amp for 
300 millisec. Contactor can be fur- 
nished to operate under shocks of 
30-g and 10-g vibrations to 500 
cycles. Tests from 10 to 55 cycles 
at 0.065-in. displacements fail to 
open contacts. Contactor is avail- 
able in either open or hermetically 
sealed types. Potter & Brumfield 


Inc., Princeton, Ind. J 
Circle 615 on Page 19 


Diaphragm Fabric 


is heat-resistant for use 
in regulators and controls 


Reevecote heat-resistant diaphragm 
fabric is of nylon coated with Buna- 
N. It is particularly useful where 
controls operate in elevated tem- 
peratures for any length of time. 
Fabric has a good resistance to oils, 
solvents, and gas condensates. It is 


- POWER TRANSMISSION 
EQUIPMENT 
EASILY INSTALLED, 
MAINTENANCE-FREE 
we 


FLEXIBLE 
COUPLINGS 


1 

PO oul . 
Lidl RAC Request 
+ $+} Catalog 
She 


Bores (mox.)......... He" to 94” 
RRS baseneden estas %” to 214" 
Wt. .........-¥4 oz. to 1500 Ib. 
“ee een Pena 1/20 to 4250 
Torque (static). 1% to 5100 ft.-lbs. 


VARIABLE 
SPEED PULLEYS 


ee | 

fy 
Sousa py 

3 pa 


Bores (max.)......... Ya" to 1%" 
oo rrr rere TT 3” to 135%” 
Belt Sizes 

Speed Ratios 

H.P. (1750 rpm.)........ Y% to 15 


UNIVERSAL 
JOINTS Request 
Bulletin 


Static Torque 
340 to 130700 in.-ibs. 


H.P. (100 rpm.)........ Yq to 207 


SHAFT 
MOUNTED 
GEAR 
REDUCERS 


18 Models From Stock 

Speeds 8 to 425 RPM. 

HP. Fractional to 120 

Ratios . Single 4.5:1 Nominal 
Double 14.7:1 Nominal 

Hollow Shofts 1%g to 5H%¢ in. 


Write Today! 


LOVEJOY FLEXIBLE COUPLING CO. 


4818 West Lake Street, Chicago 44, Illinois 
Telephone: EStebrook 9-3010 
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It simulates a ship in a storm-tossed sea 


The machine which you see being 
put together here in Bethlehem’s 
machine shops might properly be 
called the Great Imitator. It is a 
ship-motion simulator with an un- 
canny ability to reproduce the toss- 
ing of an ocean vessel. The simulator 
can rock and roll, buck and pitch, 
and otherwise carry on like a ship 
in heavy swells. It can even imitate 
a vessel pummeled by a hurricane. 

Designed and built for the U. S. 
Navy by Loewy-Hydropress, a di- 


BETHLEHEM STEEL 


vision of Baldwin-Lima-Hamilton, 
the 285,000-lb unit was conceived as 
a research tool for use at Cape 
Canaveral, Fla. There it should pro- 
vide the Navy with valuable data 
in connection with the launching of 
missiles at sea. 

That huge assembly, being low- 
ered so carefully in the photograph 
above, is a Bethlehem weldment 
consisting largely of castings. The 
task of machining and assembling 
the many intricate parts was a major 


Circle 482 on Page 19 


undertaking, but Bethlehem facili- 
ties were equal to the job. 

Call us when we can be of service 
in the planning and building of spe 
cialized machinery. Our shop facili- 
ties are unexcelled, and our many 
years of experience with this type 
of work can be helpful to you. 


BETHLEHEM STEEL COMPANY 
X-THLEHEM, PA 
oast Bethlehem proc 


or: Bethlehem Steel Expo 














NEW 
handy guide 
to low cost 

quality 


bi Cast Tne Alay Wing Nuts : tap Nuts 


Thumb Nuts * Thumb & Wing Screws 


Molded Nylon Screws » Washers « Screw Insulators 


GRC catalogs the widest range of stock styles, types, 


sizes and threads from one source. . . 
of each style, type and size... 


oS) ? ra 


charts the dimensions 
illustrates them all 
with photographs and schematic drawings. 


Detailed are uses, physical properties of zinc alloy and nylon, 
the many advantages of GRC fasteners .. 
speed automatic operation to assure quality fasteners at ne cost. 


. produced in one high 


Write, wire, phone RIGHT 
NOW for YOUR co 134 of 
GRC’'s mew Fastener Ball etin. 


.. REPRODUCER ait Te 


World's Foremost Producer of Small Die Castings 
32 Second St., New Rochelle, N. Y. © NEw Rochelle 3-8600 


Circle 483 on Page 19 


BEARINGS 





HANGER 
Extra large loop — 
folds flat against case 


Best quality and 


sealed for extra 
long and trouble- 
free operation 


TAPERED and 
CONTOURED 
Permits comfortable, 
non-slip grip 


SWITCH 
Slight index- mets 
pressure turns 


vo ee machine on 


For economy an 
maximum diem F 
protection : 


NEW BRUNING ELECTRIC ERASER 


@ Every draftsman, 
engineer, and typist 
should have one! This, the 
original hollow shaft eraser 
and most widely used, has 
been newly engineered 
for erasing comfort and 
efficiency! 


(BRUNING ) 


America’s Leading Supplier of 











Company 
Address 
Engineering and Drafting Equipment! City 


CORD 
Won't pull loose 
from special fitting 


CHUCK RING 

Merely slip down to 
tighten chuck—no 
twisting, no turning 


Charles Bruning Company, Inc., Dept. 114-K 
1800 Central Rd., Mt. Prospect, Ill. 
Offices in Principal U.S. Cities 
In Canada: 105 Church St., Toronto 1, Ont. 

Please send me full information on the new 
Bruning Electric Eraser. 


Name Title 











County State 
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available in thicknesses from 0.006 
to 0.050 in., in several widths from 
36 in. up. Tensile strengths (grab 
method) range from 32/25 to 
360/290, depending on gage of base 
fabric. Burst strengths (Mullen) 
range from 90 to 650 lb on stand- 
ard styles. Vulcan Rubber Products 
Div., Reeves Brothers Inc., 1071 
Avenue of the Americas, New 
York 18, N. Y. D 
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Check Valves 


for hydraulic systems 


to 5000 psi 


New subplate-mounted and sand- 
wich-type (shown) check valves are 
available for operation in hydraulic 
systems up to 5000 psi. Both types 
are available in either 3/4 or 1!/,-in. 
sizes. Subplate-type valves meet JIC 
standards, and are available with or 
without matching subplate. Sand- 


wich-type valve can be added to a 
hydraulic circuit without adding or 
breaking pipe connections. It is de- 
signed to fit between any subplate- 
mounted sequence valve and sub- 
plate itself. The 3/4-in. valves permit 
a volume capacity of 20 gpm, and 
114-in. units, 65 gpm. Spring load- 
ing allows valve to be mounted in 
any position. Denison Engineering 
Div., American Brake Shoe Co., 
1160 Dublin Rd., Columbus, Ohio. 
G 
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Frequency Changers 


400-cycle units for 
up to 250 kw 


Synchronous motor-driven frequen- 
cy changers with 400-cycle three- 
phase output are now available as 
large as 250 kw. Unit illustrated 
consists of a 150-kva, unity-power 
factor, 120/208-v, three-phase, four- 
wire, 400-cycle alternator mechan- 
ically connected in tandem to a 250- 


hp, 440-v, three-phase, 60-cycle, 


MACHINE DESIGN 





More reasons why OEM designers specify 


THE BELLOWS AMR, MOTOR 


—the air cylinder with 
the built-in valve 


oe ST Se eens ai Da me 
; Patt 5 $0 sean Pee me RTS tenant Ae BSc pee 


no extra valves—all operating controls are built-in 


choice of valve types: low voltage, JIC, pilot- 
actuated, mechanically actuated 


responds to starting impulse instantly—no lag, no 
stutter 


fits well in tight quarters, on moving machine 
elements 


no cumbersome piping, requires only a single air 
connection 


available in five bore sizes: 114, 154, 242, 35%, 42” 
made in any stroke length 


over 150 skilled field engineers the world over to 
handle your fluid power requirements. 


They all add up to: 
LESS DESIGN TIME REQUIRED, 
LOWER FACTORY COST TO INSTALL! 


Get this Booklet! : The Bellows Co. 


“The Bellows Air Motor in ie DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION 
Original Equipment Design.” ~¥ AKRON 9, OHIO 

Write Dept. MD1158, The . 

Bellows Co., Akron 9, Ohio. 
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CHATILLON 


ISO-ELASTIC™ 


the alloy to 
remember when real 


THAN Lee 


are needed 


Se 7 


Giants of American instrument industry, including such firms as... 
@ Bulova Research & Development Laboratories, Inc. 
® Eclipse Pioneer, Division of Bendix Aviation Corp. 
®@ Federal Telecommunication Laboratories, Inc. 
® General Electric Co. 
® Sperry Gyroscope Co. 


and many others think of CHATILLON, when instrument design 
calls for the ‘‘world’s most accurate spring”’. 


CHATILLON .. . the leading manufacturer of precision springs is 
particularly proud of the improved performance record of instru- 
ments using the noteworthy CHATILLON developed temperature- 
compensated alloy ‘‘Iso-Elastic’’. The hysteresis error of this remark- 
able spring is less than .05% of deflection. Drift does not exceed 
.02°%, of deflection in 5 minutes. These characteristics plus tempera- 
ture compensation insure the ultimate in precision spring production. 


CHATILLON makes Extension, Spiral, Torsion, Compression and 
Form Springs of Iso-Elastic material, as well as springs of all con- 
ventional alloys. 


To find out how “the World's Most Accurate Spring" can better your 
product and for engineering bulletins, write CHATILLON SPRING 
DIVISION. 


"U.S.A. Pat. No. 2174171 


JOHN CHATILLON E& SONS 


85 CLIFF STREET, NEW YORK 38, N.Y. 
Manufacturers of Scales, Force Measuring Instruments and Precision Springs Since 1835 
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| 1200-rpm, synchronous-speed drive 
| 


motor. Control cubicle contains all 
necessary metering, circuiting, and 
synchronous motor starter for the 
motor. Matching panel contains 
necessary automatic voltage regula- 
tor and other controls for alterna- 
tor. Kato Engineering Co., Mankato, 
Minn ] 
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High-Speed Solenoid 


completes stroke in 
less than 20 millisec 


RS5174 solenoid is a high-speed unit 
which completes its stroke in less 
than 20 millisec. Designed to op- 
erate with 24-lb load, unit operates 


in an ambient temperature range 
of —65 to 160F. Voltage rating 
is 24 v de at 78F. At this tem- 
perature coil resistance is 19.2 
ohms. Unit is 1.65 in. high, with 
2-in. diam case. Telco Sales Div., 
Telecomputing Corp., 915 N. Citrus 
Ave., Los Angeles 38, Calif. L 
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Pushbutton Enclosures 


have liquidtight, 
dustproof construction 


Line of oiltight pushbutton enclo- 
sures accommodates all standard 
makes of oiltight pushbuttons, 
switches, and pilot lights. They are 
available in ten sizes for up to 25 
control units, and are supplied with 
or without knockouts or holes as 
required. Liquidtight, dustproof con- 


MACHINE DESIGN 
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struction keeps all foreign elements 


out of enclosures, and provides ef- ere ? Bolted Flange 


fective protection for installed elec- as . rating 300 psi. 
trical components. Made of 14- 





: ‘ Ae 7 CONOSEAL 
gage steel, boxes utilize welded-seam rr rating 2000 psi 
construction and are equipped with ° 04 
removable flanged covers with neo- 
prene gasket cemented in position 
to give a positive, continuous seal. 
Keystone Mfg. Co., 23328 Sherwood 
Rd., Warren, Mich. H 
Circle 620 on Page 19 


Check Valve AEEEINY Heavy-Duty CONOSEAL Joint Seals 


high-pressure air surges Perfectly at High Temperatures and Pressures 


New 1!4-in. pneumatic check valve 
withstands forces caused by rapidly 
reversing high-temperature, high- 
pressure air surges. Unit, construct- 





Where extremes of pressure and temperature are standard operating 
conditions for fluid lines, specify the all-metal Marman CONOSEAL 
Joint. It is designed to provide absolute dependability in connecting 
and sealing piping, even when subject to severe shock and distortion. 


Marman Heavy-Duty CONOSEAL Joints provide maximum insurance 
against leakage or failure where dissimilar materials must be joined, 
such as stainless steel to aluminum or Zercaloy. Made entirely of metals 
not subject to deterioration, CONOSEAL Joints have long shelf life, 
require no maintenance. 


The Heavy-Duty CONOSEAL Joint withstands pressures up to 20,000 
psi. and temperatures from —300°F. to +2000°F. It offers the 
rugged dependability and sim- 
plicity of installation to meet a 
wide range of applications. Light- 
weight configurations of the 


ed of 17-4PH stainless steel, weighs COMOSEAL leche cre cho aval: 


0.4 Ib. Maximum internal leakage is ' Sear ag 
0.05 lb per min at 150 psig and 800 = “ine ee ee ne 
F. The lightweight valve withstands pee tas ecules 

10-g vibration. Aircraft Controls 

Div., Barber-Colman Co., Rockford, 


- Circle 621 on Page : MARMAN | DIVISION 
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Wire-Wound Resistors 


3, 5, and 10-w units 
have molded covers 





11214 Exposition Blvd., Los Angeles, California 


: a . Please send me your complete new catalog on CONOSEAL Pipe Joints. | am concerned with temper- 
-W )-w resistors : 
Wire wound 3, 9, and 10-w resistor atures from to ond pressures from psi. to psi. 


have resistance wire wound in a ee a eT 
single layer on ceramic cores. Re- Name 
sistor covering is a jacket of tough, Title 
resilient, silicone-ceramic material Campetiny 
: Address 
molded around resistor under great 
pressure, providing dense, smooth, 
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THERE'S A 


WAYNE ROTARY 
TO PUMP ALL! 


ROLLING GEAR DESIGN ASSURES 
HIGHER OPERATING EFFICIENCY 


Viscous ... volatile ... fast... slow 
there’s a Wayne Rotary Pump to 
pump products more efficiently and 
at lower costs. Wayne Pumps are of 
an improved type construction— 
gear-within-a-gear rotary pump. 
The positive seal and rolling contact 
of the tooth design assures pump 
service never before obtainable... 
less down time . . . fewer replace- 
ments. Write for new catalog. 


RUGGED DUTY 
, PUMPS 


For installations 
where operating 
conditions are un- 
usually severe. Ca- 
pacities 35, 50, 70, 
100, 200 and 300 
gpm. 


HAZARDOUS 
LIQUID PUMPS 


Furnished with any 

type of drive—gear, 

V-belt or direct. 

Complete with relief valve. 
listed under re - examination 
service of U.L. 


STANDARD 
SERVICE 
PUMPS 
Available in capac- 
ities of 3, 5, 10, 18, 
20, 25, 35, 50 and 
100 gpm. Ports right 
or left on all models, 
Straight through also 
on 3 and 5 gpm 

models. 


THE WAYNE PUMP COMPANY 
Industrial Division 
FORT WAYNE 4, Indiana 
Division of Symington Wayne Corporaticn 
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moistureproof covering, improved 
heat dissipation, and reduced hot- 
spot temperatures. Resistors pass 
1000-v V-block test and can be 
used next to electrically hot parts. 
Available tolerances are 0.1, 0.25, 
0.5, 1.0, and 3.0 per cent. Maximum 
resistances are: 3-w, 10,000 ohms; 
5-w, 25,000 ohms; 10-w, 50,000 
ohms. Units meet MIL-R-26C. 
Ohmite Mfg. Co., 3697 Howard St., 
Skokie, III. J 
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Plastic Gate Valves 


have socket-weld ends 


New socket-weld Flex-Plug plastic 
gate valves are available in sizes 
from 1/, to 2 in. in PVC or styrene- 
copolymer. Valve offers combined 


features of straight-through, no- 
pressure-drop flow with close throt- 
tling control, and has many appli- 
cations. Vanton Pump & Equip- 
ment Corp., Hillside, N. J. D 
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Time-Delay Relay 


transistorized unit has 
electronic timing system 


Trans-O-Netic transistorized time- 
delay relay employs a fully elec- 
tronic timing system to achieve fast 
switching action, instantaneous re- 
set, high timing accuracy, and full 
reproducibility of time-delay period. 
Transistorized control circuit oper- 
ates a high-speed electromechanical 


NEW Chromalox 
Electric Microfins 
for forced 
convection air heating 


This new, small-mass heater pro- 
vides rapid heat-up almost equal to 
open coil elements. Unlike open 
coils, however, Microfins offer the 
advantages of a totally enclosed and 
insulated element only %-inch in 
diameter. 

Microfins are ideal for air ducts 
and blower type space heaters, such 
as those used for industrial ovens 
and dryers. Their easy formability 
and high watt density (up to 80 
watts/sq. in.) permit Microfins to 
pack maximum heat output into 
minimum space. 

Standard lengths from 514 to 
471% inches; 120 and 240 volts; 525 
to 3000 watts. Specials available as 
required. 

Get more information from your 
Chromalox Representative or write 
today. 2674 


CHROMALOX 
= ecliut. +teat 


“EDWIN L. WIEGAND COMPANY 


7575 THOMAS BOULEVARD « PITTSBURGH 6, PA, 





Circle 489 on Page 19 





CORVEL Cellulosic Finishes—wide variety 
of colors with high surface gloss; excellent 
retention of both color and gloss in water, 
salt spray, sunlight. 


CORVEL Nylon Finishes—to impart the 
outstanding wear and low frictional qualities 
of nylon in coating metals and other base 
materials. 


CORVEL Polvethylene Finishes—provide 


zero water absorption, excellent chemical 
resistance and electrical insulation. 


i 

CORVEL K-51 Penton* Finishes—excep- 
tional chemical and wear resistance. K-51 
Penton finishes can withstand temperatures 
from —40°F. to 250 F. 


*Trademark of Hercules Powder Co. 
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CORVEL Vinyl Finishes—durable with CORVEL Epoxy Finishes—excellent insula- 
extreme toughness; resistant to corrosion tion at elevated temperatures; moisture, 
and most chemicals. Available in a range chemical and impact resistant. Provide a 
of colors. hard, smooth surface. 


CORVEL! Fusion Bond Finishes— 


Six new engineered resins 


for product finishing 


CORVEL finishes are specially processed dry powders, formulated for 
use in the patented** fluidized bed coating process. These finishes give 
you the following outstanding advantages: 


e Comparatively heavy finishes (from approximately 0.005” to 0.062”) 
obtained by a single dipping treatment—without the use of solvents. 

e Finishes unmarred by sags, drips or bridging. 

e Uniformity in thickness, with excellent coverage of sharp edges, 


corners and projections. 


Thus, CORVEL finishes can give your products improved durability 
and appearance at minimum cost, and provide new design possibilities. 
Process licensing is now readily available. A process license is automati- 
cally extended to the purchaser of CORVEL powders from National 
Polymer Products, Inc. upon payment of a small royalty added to each 
sales invoice. General licenses to use the patented process are available 
from Polymer Processes, Inc., an affiliate company. 


Information relating the advantages of CORVEL Fusion Bond Finishes, 
to your particular products and details on the fluidized bed process 
and equipment are available from National Polymer Products, Inc. 
Write today for a copy of the new CORVEL Bulletin. 


NATIONAL POLYMER PRODUCTS, INC. 


A subsidiary of The Polymer Corporation 


Reading, Pennsylvania 


tPolymer Corporation trademark for finishing materials 


**U. S. Patent 2,844,489 and over 30 patents pending 
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| switching unit. Unit is accurate to 


| within + 10 per cent of — 
N F MORLIFE FD crvperatcs from 0 t0 130 F Re 
CLUTCH FACING @a Se | 


Automotive 
Spring Loaded 


lay is available with fixed or ad- 
justable time-delay period of 1.5 to 
30 sec. Switching action is SPDT. 
Unit is now available for operation 
on 12 v de. Weight of relay is only 
8 oz. Heinemann Electric Co., 709 


Plum St., Trenton 2, N. J. E 
Circle 624 on Page 19 


Provides (=... Adjustable-Speed Drives 


Multiple Disc 
high-accuracy units have 


Heavy-Duty Torque with ie. s enclosed, fan-cooled motor 


New adjustable-speed drives, des 


S-M-0-0-T-H Engagement = ignated Precision, are available in 


Heavy Duty eee . 3/, 
pene st various horsepowers to 34 hp, and 


Smooth engagement and disengagement is a feature regulation of 1% of 1 per 
distinguishing quality of this NEW metal-base eh — ee ee 
Morlife clutch facing. It provides the extra torque 
required by heavy-duty highway vehicles and 
off-highway equipment. Unusual heat dissipa- 
tion and resistance to wear insure longer life— 
with less frequent adjustments and replace- 
ments. It will pay you to give your products 
these competitive advantages of ROCKFORD 
Morlife Clutches. 


— 


high as 100:1. All models can be 
operated continuously at full torque 
SEND FOR THIS HANDY BULLETIN even at lowest speeds. Totally en- 


Shows typical installations of ROCKFORD _ closed, fan-cooled motors provide 


CLUTCHES and POWER TAKE-OFFS. Contains perc from ange 2a — 
° , si : itions. Servo-Te roducts Co., 
diagrams of unique applications. Furnishes 1086 Galle ‘Baz ‘tients 


capacity tables, dimensions and complete |p N. J D 
specifications. Circle 625 on Page 19 


ROCKFORD Clutch Division BORG-WARNER : | Centrifugal Pumps 


311 Catherine St., Rockford, Ill., U.S.A. —~ |PCrpetitn : 
motor-mounted units 


resist corrosion 


Three new sizes of corrosion-re- 
sistant centrifugal pumps have been 
| added to a line of impervious- 


152 Circle 491 on Page 19 MACHINE DESIGN 


Export Sales Borg-Warner international — 36 So. Wabash, Chicago 3, Ill. 
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graphite, motor-mounted Type F 
pumps. Designated models 22-FAL, 
28-FAL, and 31-FAL, pumps are 
equipped with 1, 114, and 2-hp, 
1750-rpm motors respectively. At 
this speed, latter two types deliver 
up to 150 gpm as compared with 
80 gpm for previous Type F units. 
Maximum total head for each of the 
new types is 33, 51, and 67 
ft respectively. Corrosion-resistance 
makes units suitable for a wide 
range of applications. National Car- 
bon Co. Div., Union Carbide 
Corp., 30 E. 42nd St., New York 17, 
N. Y C 
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Miniature Motor 


is rated 1/100 hp 
at 11,000 rpm 


Model 2PP1 miniature motor has 
been qualified to MIL-M-8609 spec- 
ification. Rated 1/100 hp at II,- 
000 rpm, the 26.5-v de motor is 


ie | 


1.18 in. in diam, 1.9 in. long, and 
weighs 3!/, oz. Life is 500 hr with- 
out brush change. Western Gear 
Corp., P. O. Box 182, Lynwood, 
Calif L 
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Power Package 


is low-cost, 
self-contained unit 


New low-cost, self-contained pow- 
er package which produces hydrau- 
lic power from an electric source 
incorporates an electric motor, hy- 
draulic gear pump with integral re- 
lief valve, check valve, and _ reser- 
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11025 
Gusher 


A LARGER 
PUMP? 


1811 Reading Road 


We can supply you with larger type centrifu- 

gal pumps for pumping coolant, some acids, 

oils. These pumps can 

@ Pump up to 400 gallons per minute, maxi- 
mum. 

@ Pump up to 90 foot head, maximum. 

Sealess and seal type pumps, immersed or 

flange mounted. 

They are also adaptable for high temperatures 

up to 600° F. equipped with fan, lantern and 

non-friction grease seal for fumes, etc. 


or smaller pumps too... 


Don’t forget that Ruthman has a complete 
line of smaller centrifugal pumps from 1/30 
horsepower. Write for our complete catalog. 


Have you a pump problem? 

As specialists in the design and manufacture 
of Centrifugal Pumps, we are ready to help 
you with any Centrifugal pump problems. 
Just call on us any time. 


() 
L 
MACHINERY CO. 


Ly * COOLANT PUMPS 
* CIRCULATORS * AGITATORS 
“eo * MOLTEN METAL PUMPS 


Cincinnati, Ohio 
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POWDERED 
METAL PARTS 


mow go into 


Be Warr POWER SAW 
and attachments 


®@ This Remet collar reduced part cost 80%. For- 
merly a precision casting in beryllium copper, 
it is now a Remet copper infiltrated pow- 
dered iron part. Advantages led to DeWalt 
specifying 11 different powdered metal parts by Remet. 


@ DeWalt now offers greater saw accuracy thru 
maintenance of closer tolerances. 


@ “You can depend on Remet for better service, 
fast delivery,” states A. C. Wedge, V.P., 
Mfg., DeWalt Div., American 
Machine & Foundry Company. 


FREE, NEW BROCHURE “How to Cut Precision Parts Costs with 
the Remet Powdered Metal Process” gives complete information. 


Send for your copy today. 


- Gears * Pinions * Cams * Ratchets 
@eme | “Oilless” Bearings * Bushings * Ma- 
chine and Structural Parts in 
> COPPER * BRASS * IRON * ALLOY 
REESE METAL PRODUCTS CORPORATION © STEEL * NICKEL SILVER * COPPER 
537 Howard Ave., Lancaster 11, Penna. © INFILTRATED IRON 
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IF YOU ARE DESIGNING 
NEW HYDRAULIC EQUIPMENT 
WORKING FROM O TO 5000 PSI 
. . . BY ALL MEANS WRITE 

FOR BRIGGS’ NEW BULLETIN 
COVERING THIS SUBJECT 


This new bulletin fully describes a rugged 
IN-LINE, constant, high working pressure hy- 
¢raulic filter than can take SHOCK AFTER 
SHOCK ... day in and day out. Made es- 
pecially for conditions demanding a hydrau- 
lic fluid filter “that can take it.” 


See how well it will fit in with your plans to prevent sticking valves and 
erratic machine performance. it shows how to get FULL, EASY, SMOOTH 
production. Packed with practical information, specifications and draw- 
ings. Use the coupon, no cost, no obligation. 


HEAVY DUTY 

HYDRAULIC OIL AND FLUID FILTERS 

with interchangeable cartridges for mineral oils of sgeolU¥Cr > 
non-inflammable fluids . . for by-pass, in-line, or *GOASER) 


high flow installations. reseanee 


THE BRIGGS FILTRATION COMPANY, DEPT. 278, WASHINGTON 16, D. C. 
SEND BULLETIN without obligation describing your heavy duty, in-line, high pres- 
sure hydraulic fluid filter. 
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voir. Pressure-loaded bearings au- 
tomatically compensate for wear to 
assure high volumetric efficiency 
and long life. Unit handles a wide 
variety of work loads. Capacity 
of gear pump is from 0.36 to 0.80 
gpm. Reservoir capacities range 


a Le eating erie 
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from 0.43 to | gal. Reservoir, which 
also serves as pump housing, is 
made of a single piece of deep- 
drawn steel for increased strength 
and reduced weight. Motors are 
open-ventilated, totally enclosed, or 
standard starter type. They are 
available for operation from a 6, 
12, or 24-v de source. Wooster 
Div., Borg-Warner Corp., Wooster, 


Ohio. G 
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Spray-On Teflon 


for use on 
heat-sensitive materials 


Emralon is a lubricating, corrosion- 
resistant Teflon film, only 0.6 mil 
thick, which can be applied to 
wood, rubber, plastics, light metal, 
and other heat-sensitive materials. 
Emralon 310 is a dispersion of TFE 
in a phenolic binder which can be 
cured in 1 hr at 300 F. Type 320 
is an air-drying version for sub- 
strates that will not tolerate mod- 
erate temperature elevation, or for 
use where infrared or oven curing 
is impractical. Coating, which with- 
stands temperatures from —450 to 
over 500 F, is also applied to avoid 
dirt, grease, and corrosion on base 
material. Acheson Colloids Co., 
P. O. Box 288, Port Huron, Mich. H 
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Constant-Flow Regulator 


is adjustable from 
3 to 8 gpm 


New constant-flow regulator oper- 
ates at temperatures from —65 to 
250 F. It maintains constant flow 
rate regardless of pressure differen- 
tials of 30 to 100 psi, and preset 


MACHINE DESIGN 
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flow rate is adjustable from 3 to § 
gpm. Unit incorporates a filter, 
normally open solenoid shut-off 
valve, pressure-relief valve, and re- 
verse-flow check valve. It can be 
modified for pressure differentials 
up to 3000 psi. Designed mainly 
for injected water-alcohol applica- 
tions, unit also controls flow of 
other liquids such as fuels, hydrau- 
lic, and lubricating oils. Inlet line 
size is 34 in., outlet line size, 1% in. 
Unit weight is 1.9 lb. Aero Sup- 
ply Mfg. Co. Inc., Corry, Pa. F 
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Motor-Generator 


size 8 unit has 


OD of 0.750 in. 


Size 8 motor-generator has an OD 
of 0.750 in. Tachometer-generator 
section operates on either 18 or 26 
v, 400 cycles. It has a gradient of 
0.250 v per 1000 rpm and maxi- 


mum null voltage of 0.010 v rms. 
Motor portion is furnished with any 
combination of voltages up to 40 
v on both fixed and control phases, 
all 400 cycle. Stall torque is 0.3 
oz-in., with no-load speed of 6200 
rpm. G-M Laboratories Inc., 4300 
N. Knox Ave., Chicago 41, Ill. I 
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Adjustable-Speed Drive 


provides three speeds 
from 0 to 3600 rpm 


Servotran adjustable-speed drive 
with solenoid-operated speed con- 
trol provides any three speeds, for- 
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HIGHEST COMPRESSIVE STRENGTH 
of all DRY BEARINGS 


GLACIER 


DU 


THE SENSATIONAL 
BREAK-THROUGH 
IN DRY BEARING 
TECHNOLOGY 





*TEFLON, du Pont Trademark 
Fivon, I.C.1. Trademark 


U nited 
S tates 


DU —a steel-backed porous bronze bear- 
ing material, impregnated with a perma- 
nent, solid, T.F.E.* fluorocarbon resin- 
lead lubricant—withstands loads up to 
23 tons per sq. in. with no cold flow. 

In addition, its wear resistance 10 to 
100 times that of other dry bearings— 
Its extremely low coefficient of friction, 
with no slip-stick characteristics— 

Its consistent performance at temper- 
atures ranging from 328 degrees below 
zero to 500 above— 

Its immunity to detergents, solvents, 
corrosive chemicals, alkalies, abrasive 
atmospheres— 

Its ability to run submerged in liquids— 
usually with improved performance— 
Its positive elimination of contamina- 
tion from oils and greases— 

All these unique characteristics make 
GLACIER Du the most sensational 
break-through in dry bearing technology. 
Consider what this new bearing material 
can mean to your products. Ask your 
bearing manufacturer or write for com- 
plete brochure to— 


SPECIAL Propucts DEPT 
United States Gasket Company 
Camden 1, New Jersey 


Gasket Pisce Diiiion of FR 
GARLoOcK iz 
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UNITCASTings 
solve 
difficult 
parts 
problem..,— 


Foundry Engineering aids product development! 


This steel casting is another example of Unitcast’s ability 
to cope with unusual problems. As the main body of a 
new-type Pulsation Dampener for The National Supply 
Company's oil field equipment, this casting had many 
tough end-use requirements. Basically, the part had to 
absorb shock, withstand corrosion, and hold hydrostatic 
test pressures up to 8,000 psi. The fewer the components 
in the part, the better the durability. 


The ideal solution, a one-piece steel casting, required 
accurate suspension of a huge core on a minimum 
number of points to produce a horizontal “‘tank”’ within 
consistent tolerances. One subsequent finishing problem 
involved economically “sealing” the core suspension holes 
by a method that would hold up in end use—plus 

pass radiographic inspection! 


Once again, Unitcast foundry engineering has helped 

a customer develop a new product for their well-known 
line. Why not call in Unitcast engineers on your 
product-development problems? Write today! 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 





SPECIFICATION 


Unitcast in. 








Gi 
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| ward or backward, from 0 to 3600 


rpm. Shifting from one speed to 
another is accomplished in less than 
1/10 sec without disengaging drive 


| or load. Selector switch for chang- 


ing speeds can be placed anywhere 
wires will reach. Standard unit now 


ki Ric al 
available has two solenoids mount- 
ed on top of unit to give three out- 
put speeds and off. Drive is avail- 
able with two standard motor sizes 
covering ranges from 1/70 to 14 hp. 
Repeatability and accuracy of speed 
setting is within 1/4 per cent. Out- 
put torque is constant, and effi- 
ciency is between 85 and 95 per 


| cent. Humphrey Products Div.. 


Humphrey Inc., 3794 Rosecrans St., 
San Diego 10, Calif. L 
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Fluid-Power Pumps 


for operating pressures 
to 2000 psi 


Series 2100 gear-type fluid-power 
pumps are available for operating 
pressures to 2000 psi. Ratings 
range from 16 to 32 gpm at 1800 
rpm, 2000 psi, and up to 40 gpm 
at 1500 psi. Features include a two- 
stage high-pressure seal that runs 


r r ~ 
i 
iy 


cooler, improved shaft bearings, 
thrust bearing to take axial thrust 
of hydraulic forces, and piloted 
housing design to eliminate shifting 
of internal parts. Various standard 
flange mountings are provided for 
mobile applications, and foot 
mounting for industrial applica- 
tions. Hydreco Div., New York Air 
Brake Co., Kalamazoo, Mich. H 

Circle 633 on Page 19 


Circle 497 on Page 19> 








All components mounted 
outside tank for easy access 


Easily read accurate fluid 
Standard mount electric iy level indicator 
motors of your choice. No ; 
specials required. 


f 









You save money 


Separate mounting 
plate insures correct 


e alignment and = max- i Large removable covers 
a n fal time imum pump life. o / ‘ on both ends for con- 
Pit venient cleaning. “Filler 
Cap” end cover can be 
located at either end 
of tank. 


applying Hydraulics 


when you buy the... 


WATTS: package... 
Side “extensions support 


in S tea d of pea rts tank above floor, providing 


complete air circulation for 
maximum heat rejection 








Inlet strainers can be re- 
moved and cleaned without 
disconnecting components 
blasted and specially OF pressure piping 
painted 


New baffle plate improves Easy accessibility to drain 
fluid circulation plug 


Vickers Custom Built Power Package . .. complete... 
factory pretested ... ready to connect and operate. 





You save time and expense of design, 
layout, multiple purchasing, and assembly 
when you buy the Vickers package. You 
are assured of component compatibility 
and Vickers undivided responsibility and 
guarantee for the entire hydraulic package. 


A Vickers Custom Built Hydraulic Power 

Package is a “complete unit”. . . 

factory pretested, ready for you to connect 

and operate. Designed and professionally 

built to your specifications. 

These parts are required to build the Power Package shown above. Pur- 


chasing the complete package from Vickers saves you the time and cost of 
Yall in a Vickers Application Engineer design, assembly, and testing. It also assures the most suitable unit for your 


or write for Bulletin 5001B. particular requirements. 





Application Engineering Offices: ATLANTA « CHICAGO* « CINCINNATI « CLEVE 


VICKERS INCORPORATED LAND ¢ DETROIT* » GRAND RAPIDS « HOUSTON « INDIANAPOLIS + LOS 


ANGELES AREA (EI Segundo)* « MILWAUKEE « MINNEAPOLIS » NEW YORK 
DIVISION OF SPERRY RAND CORPORATION AREA (Springfield, N.J.)* © PHILADELPHIA AREA (Media) « PITTSBURGH AREA 


Machinery Hydraulics Division (Mt. Lebanon) « PORTLAND, ORE. « ROCHESTER » ROCKFORD « SAN FRANCISCO 
AREA (Berkeley) ¢ SEATTLE* « ST. LOUIS ¢ TULSA ¢ WORCESTER « Factories also 


ADMINISTRATIVE and ENGINEERING CENTER in: Australia, England, Japan and Germany e In Canada: Vi kers-Sperry of Canada 


Department 1430 7 Detroit 32, Michigan Ltd., Toronto,* Montreal and Vancouver 
Field Service Headquarters Underlined. Whse. Stock & Repair Branches*. 





ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 14921 


| ENGINEERING 
write for NEW ee | DEPARTMENT 


i a ‘EQUIPMENT 
roy Wy '\ mole: Ce ta 


Roll File 


: en val, holds 36 file tubes 
of Kendali— 5 or a from 30 to 60 in. long 


Governaire 
Ae Pine : Staktube roll file consists of a 
precision pneumatic % heavy-gage steel casing which holds 


36 21/,-in. file tubes. It st blue- 
PRESSURE slate aan aintaes sels pa 
REGULATORS for Industry | tracings, prevents mutilation 


The facts you need on a complete range of %4 NPT...in supply pressures up to 250 psi. 
pneumatic pressure regulating valves and Fact-filled pages spell out the full story: 
volume boosters. Here is your guide to a characteristics * pressure ranges, ratios * ap- 
series of pilot-operated and direct acting plications—for 16 different models includ- 
regulators—in pipe sizes from % to % and ing motor operated and lever set types. 


Write today for the new KENDALL- GOVERNAIRE catalog. 


Se FBP EL a SBS 


INDUSTRIAL PRODUCTS BRANCH 
Route 109,West Babylon, N. Y. : 

A DIVISION OF FAIRCHILD ENGINE & AIRPLANE CORPORATION through unnecessary handling, and 
protects drawings when stored. 
File has index record of contents on 
inside of door and label holder on 
outside. Units can be placed hori- 
Circle 498 on Page 19 zontally or stood on end. Four 
SSE file-tube lengths range from 30 to 


the 60 in. Stacor Equipment Co., 295 
Emmet St., Newark 5, N. J. D 
Circle 634 on Page 19 
. Reproduction Paper 
direct-positive reproduction 


VIKING ROTARY PUMPS New Photo-Positive paper for one- 


Viking Pumps will do a multiple number of jobs step direct-positive reproduction of 
for you at less cost. engineering drawings has 100 per 


WHY ot cent rag-content base stock. Mate- 
san They are self-priming; they will handle foam and en- rial has high wet strength, im- 
trained gases without complaint. They will meter in direct 4 i san 
response to speed control and hold the same flow against proved dimensional stability, and 
widely varying pressures. They are reversible. excellent uniformity of transpar- 

Standard and heavy duty models cover capacities from 2, to ency. Stock cuts easily, cleanly, 
1050 GPM, pressures up to 200 PSI. Liquid viscosities present ‘ ; . 
no problems. Thin, non-lubricating liquids or heavy, viscous and ev enly, without tearing irregu- 
liquids can be pumped successfully. larly. Translucent material is wet- 


The temperature range is very broad (500° F. is not uncom- erasable without bleed or feather 
mon). Available in many types of construction—iron, bronze, h i] ink li 

niresist, steel, nickel, stainless and other metalurgies. Packed when new pencil or in lines are 
or mechanical sealed shafts are optional. drawn over erased area. Emulsion 
Choice of over 750 catalogued models and thousands of has fast printing speed and high 

specially constructed pumps . . . widest in the industry. ilv h Hs 
HO silver content that produces an im- 
WW... To help you select the right Viking Pump age of good contrast. Paper is 

C ce 


for your job, ask for Catalog KH ann : ; 
It answers your rotary pump problems in an P available antes 59-gram, 0.003-in. 
easy-to-understand way. 4 thick type and a transparentized 


vellum. Both grades are furnished 
ev NG PUMP COMPANY in rolls and sheets up to 42 in. wide. 


Turbo-Expanders and Compressors 
SPECON Variable Speed Drives and Transmissions 
Pneumatic Pressure Regulators 








Cedar Falls, lowa, U.S.A. © In Canada, it’s “ROTO-KING” pumps Peerless Photo Products Inc., Shore- 
ham, L. I., N. Y. D 


See Our Catalog in Sweet’s Product Design File. 3 
Circle 635 on Page 19 
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DC Voltmeter 


for transistor and 
diode circuitry 


Model 30A de electronic voltmeter 
permits dc measurements in a wide 
variy of applications from the 
calibration of simple thermocouples 
to the testing of complex comput- 
ers. A battery-operated, all-transis- 
tor unit, it measures the low-level 
potentials inherent in transistor and 
diode circuitry. Instrument features 
high input impedance of 2 meg- 
ohms per v and eight ranges which 
permit measurements from 0.05 to 
150 v, +3 per cent of full scale. 
Chopper-stabilized amplifier permits 
maximum stability and low drift. 
All-transistor circuitry and printed 
wiring result in a compact and 
lightweight instrument. Alectra 
Div., Consolidated Electrodynamics 
Corp., 300 N. Sierra Madre Villa, 
Pasadena, Calif. L 
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Microfilm Mounting Device 


for mounting microfilms 
in filing cards 


With new Snap-Jack, it is possible 
to remove a specific filmed docu- 
ment from a roll of film, insert it 
quickly into a pocket, and in turn 
snap into any type of filing card 
with a precut aperture. It is de- 
signed for any situation where 
document itself must be an inte- 
gral part of a card which contains 
additional information. Snap-Jack 
is a transparent tri-acetate holder 
into which film is inserted, accom- 
modating an image of 16, 35, or 70- 
mm film. Top and bottom edges 
consist of two facing pieces of tri- 
acetate. These are snapped into 
place on top and bottom edges of 
aperture in card. Remaining area 
of card provides space for data. 
Remington Rand Div., Sperry Rand 
Corp., 315 Fourth Ave, New 
York 10, N. Y. D 
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Smart Designers Everywhere /*s 


~ KNOW 


lars with the big 


how to save Assembly Dol 


WO time waste 
al machining 
NO grinding 
HO counting 
WO stacking 
NO miking 


. by specifying LAMINU 











M 
/ 
layers, ever: -- 


a 





ak Noa 
3 the solid Shim that p-e-e-l-s for adjustment 
Laminated Shims of 


LAMINUM 


now available in Send for free copy “Engineering Data File” 


STAINLESS STEEL ALUMINUM BRASS MILD STEEL 


with laminations with laminations with laminations with laminations 
of .002” or .003” of .003” only of .002” or .003” of .002” or .003” 


LAMINATED SHIM COMPANY, INC. 


Shim Headquarters since 1913 
1211UNION STREET, GLENBROOK, CONNECTICUT 
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LICK 
RECESSION 
COST 
PROBLEMS 


WITH 


SETKO 


“SLABBED HEAD 
with NU-CUP Point” 
Set Screws! 


Setko Slabbed Head 
Set Screws are real 
money savers. They 
cost less than com- 
parable hexagon or 
fluted socket set 
screws, yet they take 
greater tightening 
pressures...Up to 
50% more torque 
without damaging. 

Holding power can 








be even further in- 
creased when furnished with Setko’s own 
NU-CUP, the patented holding cup point 
that has a 429% sharper cutting angle. Cuts 
are deeper and in a full circle. 


CUT COSTS 
EVEN MORE 
with SETKO 
HOPPER FEEDING! 


Now is the time to cash in on 
Setko'’s advanced method of 
hopper feeding...You get faster 
insertion rates over manual feed- 
ing — almost double... Better 
insertions, uniform driving pres- 
sure, better quality control. Less 
expensive, less labor is needed 
...And, floor loss is eliminated. 


<a pV 
a 6 % 
ee, ae 
AA any 


i ew 
Ae? hh. 
| on 4 ‘ 


SEND FOR FREE 
SELECTOR CHART 
of Self-Locking Set Screws 


Shows how and where to use 
over 1,001 combinations of par- 
ticular applications. 

Write today for full information 
and prices. Ask for catalog 23. 


U. 8. Pat. No. 2,778,265 
e Other Patents Pending 


crevy 
& D4fg. Co. 


28 Main Street, Bartlett, Illinois 
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THE ENGINEER'S 


Library 


Recent Books 


Gum Plastics. By M. S. Thompson; 
193 pages, 5 by 7% in., clothbound; pub- 
lished by and available from Reinhold 
Publishing Corp., 430 Park Ave., New 
York 22, N. Y.; $4.50 per copy. 


Emphasis throughout this book is 
placed on the general properties, 
chemistry, and fabrication of gum 
plastics. Included are discussions 
on the advantages of gum plastics 
in terms of product improvement, 
and how certain disadvantages of 
these materials can be overcome. 


New Standards 


American Standards. Each publication 
is 8 by 10% in., paperbound and side 
stapled. Copies are available from Ameri- 
can Society of Mechanical Engineers, 29 
West 39th St., New York 18, N. Y. 


The following standards are 
available: 

American Standard Brass Fittings 
for Flared Copper Tubes, ASA 
B16.26-1958; 8 pages; $1.50 per 
copy. 

American Standard Letter Sym- 
bols for Petroleum Reservoir Engi- 
neering and Electric Logging, ASA 
Y10.15-1958; 14 pages; 1.50 per 


copy. 


Association Publications 


The Metal Thorium. Edited by Harley 
A. Wilhelm; 394 pages, 6 by 9 in., cloth- 
bound; published by and available from 
American Society for Metals, 7301 Euclid 
Ave., Cleveland 3, Ohio; $10.00 per copy. 

Proceedings of the Conference on 
Thorium sponsored by the Atomic 
Energy Commission and American 
Society for Metals are included in 
this book. Among the subjects dis- 
cussed in the papers are the prep- 
aration, production, and properties 
of thorium. The papers on the 
properties of thorium give informa- 
tion on the physical constants, 


... Next time specify 


INVESTMENT CASTING 


Parts design becomes as flexible as wax 
when you specify Investment Casting. 
Because with this “lost wax" process, 
parts can be designed for function; for 
utmost operating efficiency rather than 
compromised to satisfy a method of 
manufacture. 


Costly machining and assembly operations 
are reduced and often eliminated. Complex 
and time consuming tooling setups too! 
And — you have the widest selection of 
alloys from which to choose: the non- 
ferrous group, the carbon and low alloy 
steels, the hard-to-form, hard to machine 
high alloy steels . . . even cobalt base alloys. 


Thus you stretch your design potential, 
you stretch your range of metals and you 
stretch your budget when you specify 
this process. 


It might stretch your imagination too, if 
you could see some of the intricate shapes 
we're casting here at Hitchiner. If you'll 
write us today for our free new brochure, 
you'll get an idea how you can utilize the 
freedom and savings offered with In- 
vestment Casting. 


For complete details, see this new 
illustrated, informative booklet on 
the art of Investment Casting: 

It could be the best invest- 


ment you ever made, 


HITCHINER 
MANUFACTURING COMPANY, INC. 
MILFORD 42, NEW HAMPSHIRE 


Representatives in Principal Cities 
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new high capacity fan cooled 
reducers take up 90% less space 


LOOK AT THE SPACE YOU SAVE! 


Think what this can mean to your products! You can 
make important savings in space and weight. . . in the 
neighborhood of 50% ... depending upon output 
torque requirements. Or, you can design for heavier 
loads... up to 80%... without adding an ounce of 
weight to your product. You get more horsepower 


per dollar! 


This new line of Philadelphia Fan cooled Worm Gear 
Reducers is available in 3, 34 and 4”’ center distances 


ly 


for ratios from 5 1/6:1 to 60:1. Fan cooling, sturc 
finned housings, improved tooth forms, precision 
ground alloy steel worms and special high strength 
bronze gears all combine to give you a drive that will 


handle heavier loads in less space 


STANDARD STOCK PARTS SIMPLIFY SELECTION. 


These new fan cooled units have a degree of simplicity 
and flexibility never before available. Standardized 


housings, fans, gearing and mounting bases permit you 


to select any drive arrangement you need . . . permit us 
to give you prompt delivery from stock. 


They simplify your design problems too. For Example: 
horizontal units can be furnished without mounting 
bases. Housings can be designed as an integral part 
of your product. 


For more information .. . horsepower ratings . . . dimensions . . . construction details 
.. write for your copy of Bulletin WG-583. 


PHILADELPHIA GEAR CORPORATION 


Erie Avenue and G Street + Philadelphia 34, Pennsylvania 


philadelphia gear drives 


Offices in all Principal Cities ¢ Virginia Gear & Machine Corp., Lynchburg, Va. 
INDUSTRIAL GEARS & SPEED REDUCERS e LIMITORQUE VALVE CONTROLS e FLUID MIXERS @ FLEXIBLE COUPLINGS 
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This 102 page volume 
includes practical data on: 











Measuring company needs 
in new-product development 


Developing and finding new-product ideas 


Evaluating new-product potentials 


Organizing engineering and research for product development 


Measuring progress in product performance 


Reader Service. Penton Building Cleveland 13, Ohio 
{Remittance or Company Purchase Order must be enclosed with order.) 


Send me copies of 
Planning New Products @ $3.00 each 


NAME 
COMPANY 
ADDRESS 


CITY ZONE STATE 


Add 3% to orders for delivery in Ohio to cover State Sales Tox 


This collection of 17 helpful articles details 
the necessary steps to the development and 
engineering of new products. Written by 
Dr. Philip Marvin, well-known market 
consultant, this book is “required reading” 
for every engineer responsible for the de- 
velopment of new product ideas or the op- 
eration of a research program. 


A 


REPRINT 


4—MAIL TODAY 
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crystal structure, thermodynamic 
properties, mechanical properties, 
chemical analysis, and corrosive 
properties. 


Electrodeposited Metallic Coatings. 124 
pages, 6 by 9 in., paperbound; published 
by and available from American Society 
for Testing Materials, 1916 Race St., Phila- 
delphia 3, Pa.; $2.25 per copy. 


Included in this standard are 
specifications and tests for such ma- 
terials as electrodeposited zinc, cad- 
mium, nickel, chromium, and lead 
for steel. In addition, coatings for 
copper, copper-base alloys, zinc 
and zinc-base alloys are also includ- 
ed. This book contains seven speci- 
fications, three methods of tests, and 
nine recommended practices for me- 
tallic coatings. 


Report on Elevated-Temperature Prop- 
erties of Chromium Steel. Prepared by 
Ward F. Simmons and Howard C. Cross; 
113 pages, 814 by 11 ih., paperbound; 
published by and available from American 
Society for Testing Materials, 1916 Race 
St., Philadelphia 3, Pa.; $4.25 per copy. 

This report presents curves and 
data on the elevated-temperature 
strength properties of various chro- 
mium steels. 


Government Publications 
NASA Technical Series. Each publication 


is 8 by 10!% in., paperbound, copies avail 
able from National Aeronautic and Space 
Agency 1512 H St., N. W., Washington 
25, D. C 


The following reports are avail- 


able: 


TN 4160. Thermal Fatigue of 
Ductile Materials I—Effect of Vari- 
ations in the Temperature Cycle on 
the Thermal-Fatigue Life of S-816 
and Inconel 550. By Francis J. 
Clauss and James W. Freeman; 61 
pages. 


TN 4165. Thermal Fatigue of 
Ductile Materials II—Effect of Cy- 
clic Thermal Stressing on _ the 
Stress-Rupture Life and Ductility of 





You can achieve the sealing efficiency you want... 
specification problems .. . 


eliminate 


work unhampered from drawing 


board to production— when you work hand-in-hand with “John 
Crane’s” experienced engineering staff and available facilities. 


Get quick, finger tip information on “John Crane’s” complete 


line of high production mechanical seals—for every conceivable 


service—to meet your particular needs. Send now for illustrated 


technical catalog. It’s your’s upon request. 


TYPE 11-A 


Pressed-in 
packaged unit with 
spring inside 
synthetic rubber 
bellows to protect 
against corrosion. 
For hot or cold 
water, oil, gasoline 


or soapy liquids. . . 


pressures to 35 psi 


TYPE 6-A 


Pressed-in 
packaged unit 
recommended for 
small shafts on hot 
or cold water, oil, 
gasoline or 

soapy liquids... 
pressures to 75 psi 
«+.» temperatures 
from —65° F. to 
+220” F. Available 
in stainless steel or 
bronze. 


TYPE 9-A 


Packaged unit 
with wedge seal- 
ing ring made of 
DuPont Teflon. 
Will handle prac- 


tically all known 
jindustrial chemi- 
’ calsand corrosives 


+ + + pressures to 
150 psi . . . tem- 


. . temperatures 


peratures from —120°F. to +-500° F. 


from —65° F. to Supplied in metallurgical specification 


best suited to the service. 


S-816 and Inconel 550. By Francis 
]. Clauss and James W. Freeman; 
43 pages. 

TN 4349. Heat Transfer and 
Thermal Stresses in Sandwich Pan- 
els. By Robert T. Swann; 34 pages. 
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y/ +212° F. 
Crane Packing Co., 6425 Oakton St., Morton Grove, Ill. (Chicago Suburb) 
In Canada: Crane Packing Co., Lid., Hamilton, Ont. 


CRANE PACKING COMPANY 
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VACUUM PROBLEM? 


LEIMAN 


HAS THE ANSWER! 


¢ Over 70 years’ experience 


¢ Wide range of types, sizes, models 
e Engineering representatives in. all 


industrial centers 


4-WING TYPE. Vacuums to 20° 
Hg.; pressures to 15 psig.; 
volume to 162 cfm. Cast iron 
wings, hinged to pistons, main- 
tain continuous sealed contact 
with the cast iron cylinder 
walls by centrifugal force. 


2-WING TYPE Vacuums to 29.9" 
Hg.; pressures to 20 psig.; 
volume to 40.8 cfm. Automatic 
wing adjuster forces wear- 
resistant steel wings to cast 
iron cylinder walls, preventing 
sticking or binding, maintain- 
ing positive vacuum or 
pressure. 


LEIMAN BROS., Inc. 


¢ Consult Leiman engineers on 
any vacuum application 


¢ Install Leiman Vacuum Pumps 
for “lifetime” dependability 


Vacuum operations are usually 
critical, requiring a steady, reliable 
source of rated vacuum. You get this 
with Leiman Rotary Vacuum Pumps 
because they are designed to take up 
their own wear. They have fewer 
moving parts—and all parts are pre- 
cision-made of durable cast iron and 
steel (not composition) to maintain 
new pump efficiency for 10, 15 and 20 
years, without maintenance except 
oiling 


High vacuum, high volume, small space 
The simplified Leiman design pro- 
vides larger air space, permitting use 
of smaller pumps, slower speeds, less 
horsepower. Operation is quiet 


Every pump tested! 
Each individual Leiman Vacuum 
Pump is given a long test run before 
shipment to assure fully rated vacuum, 
pressure and c.f.m. capacity. 


Over half a million Leiman Vacuum 
Pumps have been installed with ut- 
most satisfaction. Design Leiman 
dependability into your equipment. 


WRITE for 16-page catalog, plus 
Application Book showing many 
“how-to-do-it" biveprints. 


158 Christie St., Newark 5, N. J. 


Established 1887 


LEIMAN 


Rotary Air and 


VACUUM PUMPS 
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Professional 
Viewpoints 


. . . bargaining by press release .. . 


To the Editor: 

Adequate communication between the management 
of a company and its employees certainly depends on 
many factors. If all of these factors were based on 
simple logic, the problem of adequate communication 
could be solved easily. Unfortunately, the complex emo- 
tional factors associated with the problem far outweigh 
the so-called “logical” factors. For proof of this state- 
ment, turn to any successful magazine and survey the 
advertisements. The purpose of these is to communicate 
to the reader that the touted product warrants his 
attention and eventual use. The reader’s attention is 
usually drawn to the advertisement by an emotional 
appeal through the use of appealing color, a design, 
a bathing beauty, or plain “propaganda.” In some ads, 
unemotional facts support claims; in most, the play on 
emotions is the only message. Thus it is fairly safe to 
conclude that an emotional approach is not only logi- 
cal but is the most effective means of communication. 

But setting emotions aside, if one can, consider your 
editorial of August 21, 1958, “Bargaining by Press Re- 
lease.” It starts with the premise that “like it or not, 
unionization of engineers seems here to stay.” (Use of 
the phrase “unionization of engineers” arouses the 
reader’s emotions since it suggests that something is 
being done to the engineer against his wishes.) Added 
to this is the suggestion that this unionization process 
can be limited by a “stronger show of interest by man- 
agement in the problems of the engineer,” and “a more 
professional attitude among engineers.” These state- 
ments are followed with the observation that “the exist- 
ence, and relative success, of engineering unions are 
symptoms of a failure in communications.” With these 
premises, you then attempt to establish that it is “un- 
professional” to let the public in on negotiations. 


Communication, Publicity, and Secrecy 


And here is where you meet yourself coming back! 
Communication with professionals, or any other group 
in the business world, is the flow of accurate and ade- 
quate information with a minimum of obstruction from 
management to the employee and from the employee 
to management. Such a free flow of information cannot 
prevail in an atmosphere of secrecy. But your admonish- 
ment against “bargaining by press release” has the 
effect of establishing secrecy as synonymous with “pro- 
fessional” by implying that publicizing difference of 
opinion in the collective bargaining situation is to be 
avoided because it is not “professional.” Certainly it is 
obvious that professionals, as well as management, must 
exercise discretion in matters of a personal nature or in 
matters pertaining to the competitive position of the 
company concerned. But this is where secrecy among 
professionals must end! 

Even assuming that the publication of a difference 
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of opinion is one-sided, this is still a step in the com- 
munications process. The development of science in all 
forms thrives on differences of opinion. Why should the 
process of communications in professional personnel re- 
lations be different? The fact that it is the primary 
function of a professional to render a professional serv- 
ice to his employer should not stand in the way of 
that professional’s reasonable freedom of thought or 
action. If, as you suggest, the engineering collective 
bargaining group indulges in “propaganda gambits,” 
the professionals supporting the group should be able 
to judge this for themselves. 

Engineers would be the first to exert democratic 
pressure to prevent recurrence of such “transparent 
strategy” if it is really objectionable. On the other 
hand, if the seeming propaganda gambit has the full 
support of the Professionals in the group, they, rightly 
or wrongly, have at the very worst participated in a 
form of communication which involves not only facts 
but emotion as well! This form of communication would 
not be used at all if it were possible for the engineer- 
ing group to communicate with its management on the 
basis of facts alone. Moreover, one must keep in mind 
that the justice of the usually undesirable label of 
“propaganda” depends largely upon who is judging. 


Causes of Public Bargaining 

Engineers are the most likely group to believe in and 
support facts and reasons. When you see such a group 
resorting to “bargaining by press release” you can be 
reasonably sure it is the result of one or both of two 
factors. The first of these is the failure on the part of 
the professionals in the group to see that such “propa- 
ganda” has departed from “facts and reasons” because 
the group has become involved emotionally. The sec- 
ond, but by far the most significant, is the failure on 
the part of the members of management, who are sup- 
posed to be experts in communications with personnel, 
to give these same engineers any reason to believe that 
such “propaganda” is unreasonable and unnecessary. 

Considering the emotional factors always present in 
human relations, one must be wary of criticizing any 
form of communication . . . even “bargaining by press 
release.” Though we may be offended by a statement, 
it is probably better to be offended than ignorant. 
The fact remains that management needs professional 
engineers, and professional engineers must be managed. 
Unless and until both groups will admit this and com- 
municate effectively, technological progress will con- 
tinue at only a fraction of its potential rate. 

Most significant of all is the fact that real communi- 
cation between management and professionals has be- 
come a topic of intense interest and discussion after 
only a few engineering organizations have resorted to 
“bargaining by press release.” Think of the real prog- 
ress that can be made in the field of personnel com- 
munications as more and more engineers become or- 
ganized, bargain collectively, and thereby communicate 
more effectively. 

—Joun A. GESHNER 

National Vice Chairman 

Council of Western Electric 
Professional Employees-National (ESA) 
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CREATIVE 


~ Design Engineers 


Widen your creative horizons with versatile 
Wire/Strip design and fabrication. Wire/Strip 
has much to offer strength, adaptability, 
resiliency, lightness, durability, and the deco- 
rative nature of wire increases the salability 
of products. 


Cut costs * Improve products 
with remarkable Wire and Strip 


Conditioner—COST CUT 
Original deep-drawn motor mount was costly 
and noisy. Titchener Wire design cut weight, reduced 
noise and cut time and material costs. 


MOTOR MOUNT for Air 


50%. 


COST of Door Anchor CUT 
70%—used to anchor metal 
door frames to masonry con- 
struction. Titchener redesign 
is lighter, stronger and the 
natural resilience of wire 


absorbs shock. 


Learn how you can cut costs and improve your 
product with Wire/Strip assemblies. Send a 
drawing, photograph or sample of your 
product; better yet, visit our plant 
there's no obligation. 
Write for FREE 
Wire/Strip book(s) today! 


"How Wire Construction Reduces 
Costs” 


[] “Wire Handles by Titchener’’ 


[] "Use of Wire Construction in 
Product Design’’ 


[] Please have a Titchener Field 
Engineer call 


E. H. TITCHENER & CoO. 


Dept. 3310, 67 Clinton St., Binghamton, N. Y. 
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LEAKPROOF (sue 


SOLENOID 
Oll VALUES 


EAL) 





$75.00 


List Price* for a 4" 
4-way incl. Solenoid 








*3-way, shut-off and 
smaller sizes are com- 
parably less. All 
prices less the usual 
trade and quantity 
discounts. 





WHERE 


WHY 


| 





Thread 
rolling 
machines 


Holding position 
(leakproof ) 


| Lapped sealing surfaces seal 


tight indefinitely as a re- 
sult of wear compensation 





Pressure 
testing in 
automotive 
production 


' Oil gets contami- 


nated by scale in 
castings (not criti- 
cal to dirt) reduced 


maintenance 


, Sealing surfaces in constant, 


intimate contact, dirt can't 
lock valving members- 


; saves coil burn-out 





Hydraulic 
work feed 
apparatus 


(Leakproof) ... as 
versus spool valves 
which cause over- 
demand on 
hydraulic system 


| Positive shut off of internal 
' port to port leakage and of 


course, no external leakage 





Machine tool | 


chucking 
& clamping 


Maintaining safe 
holding pressure 
(leakproof) 


| Saving auxiliary equipment 


such as pilot operated 
check valves 





Automatic 
door openers 


Quick action (high 
flow capacity) 


; No spools or poppets ob- 


structing full, round flow 
passages 





Solenoid 
controlled 
hydraulic 
system on 
machine you 
build 


CONTROL VALVE 
DIVISION 


5125 ALCOA AVENUE e¢ 


166 


Better performance 


Lower manufac- 
turing costs 


Reduce service 
problems 


LOS ANGELES 58 


Shear-Seal valves have full 
flow, are leakproof, not 
sensitive to dirt 

Low priced, less auxiliary 
equipment and labor cost. 
Valves don’t stick, saving 
coil burn-out; stay leak- 
proof indefinitely, seals are 
wear compensating 


Write for Catalog 58-59 


arksdale valves 


CALIFORNIA 
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Torque-Responsive Impact Clutch 


Output from a drive mechanism is continuous and 
uniform while torsional resistance remains below a 
certain value, but a sudden increase in resistance, as 


occurs in driving screws, changes output to be a suc- 
cession of torsional blows. A hammer member is 
driven continuously, regardless of resistance, by en- 
gagement with a collar splined to the power source. 
The same rotation is delivered to a shaft inside the 
hammer. A spring-loaded ball projecting radially from 
the shaft rolls in the slot of the anvil member. Shoulders 
inside the hammer engage the anvil projections, a. 
Instantaneous lessening of friction upon impact, ), 
allows the spring to move the anvil radially into 
position, c, for another blow. Patent 2,850,128 assigned 
to Rotor Tool Co., Cleveland, by Paul R. Van Sittert 


Positive-Locking Dial Mechanism 












































A dial mechanism is locked at settings by a ring 
gear and stationary prongs held in engagement by a 
coil spring. To change settings, a knob is depressed 
against the force of the spring. This motion disengages 
the gear teeth from the prongs. In the depressed posi- 
tion, the knob carries an outer disc and the main 
shaft to other settings where the mechanism is locked 
again when pressure on the knob is released. Patent 
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ugged, durable, impervious 
to weather — 
without sacrificing appearance. 
These were the requirements 
of the Mack Truck Company. 
And LaFrance zinc die cast name plates 
offered the ideal combination 


of flexibility, durability, and economy. NEED A 


? 
The entire manufacturing facilities SUBMERSIBLE MOTOR*% 


of LaFrance are devoted exclusively 

to the production of name plates - If your product must go under water (or other 
and decorative trim. fluids), we'll customize a liquid-proof motor for it 
These same facilities are available to you that will be at home in the swim. Right now, ] & H 
..«. for name plates and decorative trim. Customized motors are working submerged in gas- 
custom created with designs end finishes oline, water, sewage and many other fluids 
engineered and developed =. — Your motor will fit your product design elec- 
to accommodate your specific needs! trically, mechanically, physically . . . perfectl; 
‘ We'll customize special temperature or 
ratings if you need them. Give you a special 


tour or finish... or high or low L/D ratic 


Call Jack & Heintz. Our range is 4 


up to 15 hp for submersibles. 


y 
y 3 
S 
3 
F : . 
e practically no limit to J & H customizing 
“ 
& 
5 
t 
J 
o 


2019 SOUTH 29th STREET - PHILA. 45, PA.-HOward 5-7106 Back & Heinz. tnc. 


COMMERCIAL MOTOR DIVISION 
17626 Broadway *® Cleveland 1, Ohio 
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a material answer 
may be found 
in molded carbon 








For example: pump vanes successfully 
perform when made of carbon 


More and more, molded carbon graphite is fill- 
ing roles heretofore played by other materials. 
Aside from possible cost reduction, advantages 
found in this non-metallic are: low noise level, 
self-lubrication, low coefficient of expansion, 
chemical inertness. Carbon has other important 
qualities usually associated with metals, too, such 
as impact and shear strength, dimensional accu- 
racy, hardness, resistance to abrasion, and can 
be made non-porous. 


Submit your next new material selection problem 
to Superior for consideration. Or, if you are 
already using non-metallics, get a price from 
Superior. Present products of other materials 
can many times be converted to carbon at a 
surprisingly low cost per piece. Send in specifi- 
cations for quotation. 


For more detailed information, get Superior’s 
latest data sheet showing properties. 





NOTEWORTHY PATENTS 





2,841,034 assigned to the United States of America by 
Thomas T. Greene. 


Irregular Motion Mechanism 












































Rocking and oscillating motions are imposed simulta- 
neously on the base member of an arm assembly to 
enable the opposite end of the arm to sweep uniformly 
over a given curved surface. The base member is free 
to pivot about a pin which holds it in a hollow oscillat- 
ing shaft. As the shaft turns, a ball follows an internal 
cam the contour of which is roughly a function of the 
profile of the surface being swept. A leaf spring causes 
the end of the arm base member to follow the ball, 
thus causing rocking motion. Representative applica- 
tion is an automobile windshield wiper. Patent 2,852,- 
799 assigned to General Motors Corp., Detroit, by 
Cyril T. Wallis 


Fine-Pitch Limit-Stop Gear Train 











Gear ratios as high as 1:10,000 are possible with a 
mechanical limit stop system in which there is no 
danger of shearing teeth at either end of travel. A 
pawl, fixed on the last gear, engages a stop on the rim 
of a plate fixed to the shaft of the first gear. The gear 
axes are so disposed that the forces acting on the pawl 
at the limit positions are tangential to the stop plate 


and pass through the axis of the pawl gear. Since gear 
teeth are not used to stop the train, small teeth and, 
thus, large ratios are possible. Patent 2,844,038 as- 
signed to Hoffman Electronics Corp., Los Angeles 7, 
Calif., by Robert C. Danta. 


AY GPPOLT OP” csrron mores. 


5 GEORGE AVENUE + CLEVELAND 5, OHIO 


BRUSHES « CONTACTS «+ SLIP RING ASSEMBLIES 
POWDER METAL PARTS « MECHANICAL CARBONS 


Circle 511 on Page 19 MACHINE DESIGN 





ime] aati dal-mat-lale mre), 
the specialist... 


TO YOUR Speaitealtond 





a , 


“analyzing 
values? 


eae 
2 ¢ 
ip 


#4. - 


~ Where moderate speeds 
a? ee are involved... 


ERIE soits - studs - Cap Screws + Nuts A a 


“J | 
Fa 


rere. &. 
In Alloys « Stainiess « Carbon + Bronze oitia 


Designers and engineers from every field 
of industry submit their exacting specifica- 
tions to us for special fasteners to resist 
corrosion, extremes of temperature, tensile, 
fatigue, impact, and shear stresses. For 
more than 40 years our skilled craftsmen 
have met the requirements of construction 
and farm machinery, of transportation, re- 
fining and railroad equipment, the heavy 
machines of industry, pressure vessels, 
compressors, pumps, in widely diverse ap- 
plications. We are prepared to serve you 
well. Send us your fastener specifications 
for prompt estimate. 


SUBSIDIARY OF 


REPUBLIC INDUSTRIAL 
CORPORATION 


ERIE BOLT & NUT CO. 
Erie, Pennsylvania GENERAL BEARING COMPANY 


Representatives in Principal Cities 61 Rose/ie Street Mineola, New York 
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Does Your Product Demand A 


SUPER SPRING? 


me DT 


2R25 
STAINLESS SPRINGS 


Give 5 To 10 Times 
Longer Performance 


This newest addition to the 
Sandvik spring line is made 
from a premium steel for appli- 
cations where performance de- 
mand outranks cost. 

The steel is Sandvik’s own 
2R25 stainless...a special extra- 
tough and ultra-resilient grade. 
It enables the springs to with- 
stand 5 to 10 times the windings 
that ordinary carbon steel 
springs can take. At the same 
time, it can endure the corrosive 
attacks of varying atmospheres. 

Sandvik 2R25 springs are 
being supplied in either spiral 
or Sandvik’s exclusive cross- 
curved types. Write or phone for 
further information on these 
super springs or on Sandvik’'s 
broad line of standard quality 
springs. Free literature, case his- 
tory files and specific spring 
design assistance are available 
to you. 


4, Ks 


vac ~~ 
ie 
¢ 


eA s FO 
ReCISION COmND PRODUCTION 


P 
M 
i REPLACE Pamarco offers complete service on 


light or heavy duty precision cy- 

lindrical components. Large quan- 

tities for production or parts for 

maintenance. Rolls, shafts, axles 

and other cylindrical parts to 

: closest tolerances. Chrome, cop- 

Do it per and pentrate finishing, slab 
today! milling, long keyways. Elimi- 
J nate production bottlenecks 

\ he with Pamarco high-accuracy 
=. 
RY 


Aisa daha 


cylindrical parts! 


& Research, Inc. 


ROSELLE, NEW JERSEY 


r ~ 

i/ Paper Machinery 
H] 

i Tel. CHestnut 1-1200 
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PACKING GLANDS 


USING “‘SOFT’’ SEALANTS 





#7 SANDVIK STEEL, inc. 


Fair Lawn, New Jersey 


CONAX Packing Glands 

UNIVERSAL compress the ‘‘soft’’ seal- 

ant against any kind of 

Any bore size available tube, rod or wire with the 
from 1/16"" to %"" diameter following advantages :— 


4 * Pressure range: 


SEALS WIRES vacuum te 7500 psi. 


* Temperature ronge: 
—300°F to +1850°F. 


* Non-destructive to 
sealed element 





Cc let: ly dj hi 
SEALS THERMOCOUPLE WELLS immersion 
Stainless steel 


construction 


Available ‘‘soft’’ seal- 
ants Neoprene, Teflon, 


SEALS TUBE ENDS 
* Delivery from stock 








- s Tel. SWarthmore 7-6200 — Asbestos- 
i. 


~ 





In New York.City: 

Algonquin 5-2200 
s ag a\ Cleveland ® Chicago 
ee if | PLETE LINE OF THERMO- 
—_ | » COUPLE ASSEMBLIES AND 
L : 


. ae - | \ => PRESSURE SEALING 
wv | , GLANDS. 


corporati 
conax 2324 pega 25, N. Y. 


WRITE FOR CONAX DATA 


Detroit © Los Angeles 
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BHEW’s Hollow Rod Cylinders are two- 
piece tubular rods that allow oil to flow cee sere kn ae 
through the rod in two separate channels ee : 

to operate double acting cylinders. You @ Especially successful for boom extenders, 
benefit from the use of tubular rods in out-riggers, etc. 

that such an application — the cyl- @ Hollow rod cylinders are partially constructed 
inder barrel to be plain without port around standard components. 

connections on the barrel surface and 

permits anchoring of the rod in a sta- Teli Us Your Design or Application Problems. 
tionary position and the barrel to become We'll Show You How to Solve Them. 

the reciprocating member 


A 


BENTON HARBOR @23e8 0 EW ENGINEERING WORKS, INC. 
622 Langley Ave. St. Joseph, Michigan 
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Wel, MADE FOR... 


YOUR ENGINE’S 


sfelluylow. Protection 


for high heat or Any abnormal condi- 
other severe tion existing in your 
conditions engine can be imme- 
diately brought under 
control by the opera- 
tor with tue use of 
mMopetat 2ychro-Start . 


fof oainen ay “< AUTOMATIC ENGINE CONTROLS 


Your engine can be protected by being automatically 
shut down at the first sign of low oil pressure, high water 


‘ . ‘ . temperature, overspeed, etc. 
Light weight, strong, chemically resistant. The AL series of Synchro-Start Controls is made to fit 


No short circuits, no grounds, no individual requirements. Your specifications sent to us will 
z bring immediate response. 

corrosion, no rust. Only one fastener needed ° 

Sizes to 14 inches. Write for free 


samples and price sheet. SYNCHRO-START PRODUCTS, INC. 
WECKESSER COMPANY 8151 NORTH FMR easton + SKOKIE, ILLINOIS 


5715 NORTHWEST HIGHWAY, CHICAGO 46, ILL. 











Write for detailed information 
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ony ONE motor 





IS RIGHT FOR 
YOUR APPLICATION... 


| 
| 


DP SPRAY-TIGHT 


Fan cooled; 7!/, HP; Navy; Hi- 
shock to Navy Spec. MIL-M-17060A. 


TOTALLY ENCLOSED 
Blower and Drive Motor; 
4 HP; air drawn over motor. 


STANDARD 
EXPLOSION - PROOF MOTOR 


1 to 30 HP; also with NEMA C 
face and NEMA D flange. 


@ One thing's certain— 
just one motor is right for 
your application. Design 
engineers turn to Peerless 
more often than ever to- 
day because Peerless is 
equipped to produce the 
motors that power their 
There's 


no need to fit the machine 


machines best. 
to the motor. Peerless 
has hundreds of motor 
designs—many of them 
created specifically to 
meet OEM problems. 
Give your next motor 
problem to the Peerless 
Representative near you 
or write directly to the 
factory. We'll work with 
you to develop the one 
motor that meets your 
needs best. 


SPECIAL CONSTRUCTION 


Motor to fit customer's 
application design. 


ELECTRIC MOTOR DIVISION 


THE PRerless.Electuic COMPANY 


FANS . 
1520 W. MARKET ST. 


BLOWERS . 
° WARREN, OHIO 


MOTORS 





this 
lens 


Sates 


design flexibility in glass 


...to brighten 
your product's future 


ot 
ae 
LANCASTER GLASS CORPORATION © Loncaster 2, Ohio 
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WHEN 
EXTREME 
HEAT 

OR 7 
COLD / 
COMPLICATES \\§e) 
FRICTION 3 .s= WV 
PROBLEMS ie 
— You Need Molykote® 


Starting down at -300° F and working all the 
way up to a hot 750° F, MOLYKOTE Lubricants take 
in stride tough E.P. friction problems all along the way. 
That's a working range of lubrication efficiency span- 
ning more than one thousand degrees! 

There’s a MOLYKOTE type to fit many friction 
problems and, in terms of their ability to do the job, 
they‘re the least expensive lubricants on the market 
today. You can’t afford to be without them. 

Get the real MOLY- 
KOTE story! Send right 
away for our new cata- 
log, “BREAKING LUB- 
RICATION BARRIERS” 
(Bulletin 110). The 
Alpha-Molykote Corpo- 
ration, 65 Harvard 
Ave., Stamford, Conn. 


LUBRI-TIPS 


NUMBER TWO 'N «a SERIES 
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tychoway 


ANTI-FRICTION WAY BEARING 


Completely new recirculating bearing design features 
unlimited travel, constant accuracy and long life for 
modern way bearing use. The Tychoway bearing elimi- 
nates roller skew and “‘stick-slip", minimizes bearing 
wear and lubrication requirements. Available in stock 
sizes with load variations from 2000 Ibs. to 32000 Ibs. 
Design your next precision machine with Tychoway 
bearings. 
ie WRITE FOR ENGINEERING 
SS — BROCHURE TODAY! 
tycho’- 
a TYCHO MFG. CO. 
561 Hillgrove Ave. * La Grange, Ill. 
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NEW 1100 SERIES 
GAUGE PROTECTOR 
VA LVE see By Circle Seal... 


for instant, 
precise shutoff, 
from over- 
pressure...even 
at low settings 


provides complete 
protection for 
gauges and 
operating personnel 
--. accurate, 
immediate response 
...for gas and 
liquid systems... 
actuation from 
5-2400 psi 


Complete engineering data 
available. Write today! 


CIRCLE SEAL PRODUCTS COMPANY, INC 


2181 East Foothill Boulevard 
Pasadena, California 
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Coiled aluminum tube 
Saves you up to 40% 


ALCOA UTILITUBE 


for fuel, air, oil and hydraulic lines 


It’s a fact! Alcoa® Utilitube actually costs as much 
as 40% less than copper coiled tube. Made of a 
specially selected aluminum alloy, 5050-O, it com- 
bines low costs with these important benefits: 
Outstanding Corrosion Resistance + No 
Sludge or Gum Formation + High Fatigue 
Strength + Stands Up Well Under Vibration 
« Long Lengths (to 1,000 ft) + Light Weight 
(“ that of copper) - Easy Bending with 
Less Work Hardening 
Your nearby Alcoa distributor carries stocks of 
Alcoa Utilitube along with aluminum fittings. For 
his name, call the Alcoa sales office listed in the 
Yellow Pages of your telephone directory. 
Get complete design and specification data in 
the free booklet, Alcoa Utilitube. Mail the coupon 
today! 


Aluminum Company of America 
909-L Alcoa Building, Pittsburgh 19, Pa. 


Please send me your free booklet, Alcoa Ufilitube. 
Name Title 
Company 


Address 


es9 
Ay ) 
ALCOA THEATRE Varcoa & | 





sinter 


= a 
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... for finer regulation of water, oil or gas 


First needle valve to combine all the characteristics called 
for in modern industry. Embodies sturdiest basic construc- 
tion—machined from solid bar stock—suitable for pressures 
to 10,000 psi and equally efficient in lower range. Note 
stem guide fused to body by new 

“Conoweld” process, eliminating 

faults of conventional two-piece 

. valves. Stem 416 stainless steel. Stem 

PIECE fe il threads fine pitch for strength and 


a 


' 
7 BS \ micrometer regulation. Body electro- 
zinc plated. Sizes 4" to 1", globe and 
im angle patterns. 
Ni Lei Ask for new Needle Valve Catalog 
MARSH INSTRUMENT CO. Sales Affiliate of Jos. P. Marsh Corp. Dpt.B, Skokie, Hil 
Marsh instrument & Valve Co. (Canada) Ltd., 8407 103rd Street, Edmonton, Alberta, Canada 
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INVESTIGATE MARK-TIME 


MECHANICAL 
TIMERS 
FOR O. E. M. USES 


ELIMINATE ELECTRICAL FAILURES 


Custom-built timers in small, medium or 

large quantities are our specialty. Over Current use in guid- 
3,009 different kinds of timers presently ed missile program 
being produced. Timers can be designed includes four major 
to ring bells, flash lights, turn valves, cut areas —TESTING. 
cords, stop, start or operate electrical or LAUNCHING, FIRING, 
mechanical equipment, etc. Timing ranges RECOVERY. R. & D. 
from seconds to hours. Unlimited uses for work welcome. 
practically all products — all fields. 


€% M.H. RHODES, INC. eo? 


L/ 4 
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DESIGN OFFERS REPRINTS OF THE TRANSACTIONS OF THE 
CONFERENCES on MECHANISMS 


4th Conference 
October 14-15, 1957 
Uniocking Human Creativity 


Complex Numbers and Four-Bar Linkages 
impact Forces in Mechanisms 


Anticipating Dynamic 
High-Speed Indexing 
Four-Bor Linkages 

Slider-Crank Linkages 


Alternate Four-Bar Mechanisms 


Linkages vs. Cams 


ORDER YOUR 
P 


READER 


Penton Building 


Cleveland 13, 


Sead me______copies of the Ist 
Conf 

Send me____copies of the 2nd 
Conference T 

Send me____copies of the 3rd 
Conference T 


Send me_____copies of the 4th 
Conference T 


174 


Drag-Link Mechanisms 
Constant-Load Cam Design 
Equivalent Mechanisms for Cams 
Mechanism Design in Germany 


$2.00 per copy 


3rd Conference 
May 24-25, 1956 


Kinematic Synthesis 
Intermittent-Motion Mechanisms 
Modified Starwheels 


Behavior 
Mechanism 


COPIES TODAY 


Remittance or Company Purchase 


SERVICE Order must be enclosed with order. 


Oo. 
NAME 





erence Transactions 
COMPANY 





ADDRESS 





ransactions CITY ZONE STATE 
(Add 3% to orders for delivery in Ohio to cover State Sales Tax) 





Basic Factors in Cam Design 
Practical Approaches to Cam Design 
$1.00 per copy 


2nd Conference 
October 11-12, 1954 


Cam Design and Manufacture 

Vibration Analysis of Cams 

Calculating Dynamic Characteristics of 
Mechanisms 

Anabysis of Mechanisms with High-Speed 
Photography 

Predicting Performance of High-Speed 
Mechanisms 

Straight-Line Mechanisms 

Proportional Control System 

Beveloid Gearing 


$1.00 per copy 


Ist Conference 
October 12-13, 1953 


Mechanisms and Their Classification 
Recognition and Treatment of Acceleration 
Application and Design of Noncircular 
Gears 
Utilizing Irregular Gears for Inertia Control 
A Simplified Approach to Linkage Design 
Designing Cams with Aid of Computers 
Systematic Correlation of Motions 


$1.00 per copy 
MACHINE DESIGN 




















A modified Teflon* dry bear- 
ing in 10 sizes — %” to 1%” 
ID for immediate delivery! 


T-Liner bearings consist of an outer shell of metal with 
a thin liner of Rulon: 


require no lubrication 

high resistance to wear 

wide temperature range (—300°F to 
low co-efficient of friction 

unexcelled chemical resistance 

self compensating to pressure and temperature 


+-525°F) 


*Dupont’s TFE 


Send for special sample trial kits: 10 T-Liner bearings of 


any size of your choice — $8.50. 


plastics 


specialists Ta) 


HEATING 
ELEMENT 


This quantity production element 
heats a resistoflex couple which is 
a flexible line 1" in dia., made of 
braided steel wire with hex fittings 
at each end. Line must be heated be- 
cause it transmits liquid at very low 
temperature. Unit embodies snap- 
action thermostat sensing tubing tem- 
perature to hold 70 to 100°F. 

if you have a special heating 
problem let us solve it for you. 
We are specialists in light-weight, 
tough, flexible elements of any 
shape or size. Units may be de- 
signed to operate under high 
pneumatic pressure. Insulation 
may be Silicone Rubber or Neo- 
prene. Elements may be immers- 
able or resistant to corrosion. All 
units meet USAF specifications. 





ELECTRO-FLEX 


solves another 
difficult heating 
problem. 


THIS TIME FOR... 


Rocketdyne Division of 
North American Aviation, inc. 
Canoga Park, California 

Material: Silicone rubber 
sponge, flexible enough to 
bend with the tubing 

Rating: 200 watts at 115 V 
(1250 V. breakdown) 





Resistance Tolerance: +5% 


send for free illustrated booklet 


Electro-Flex Heat, Inc. 


83 WOODBINE ST., HARTFORD, CONN. (CHapel 7-2401) 


Note the small pilot diameter which 
eliminates oversize sheet perforations. 


Patent Applied For 





Note the recessed target electrode area 
which permits welding nuts 6-32 to 
Y_-16 to sheets .025 to 187 thick with 
low KVA Welders 


NEW OHIO XN SPOTWELD NUT 


FOR FASTER AND BETTER JOINING OF 
YOUR PRODUCT COMPONENTS 
This nut which is applied by portable, rocker arm or 
press type spot welders becomes the primary fas- 
tener in your fastener assemblies. It offers these 
distinctive advantages: 

* LIGHTNING-FAST APPLICATION 

(By spot welding) 


PRIMARY FASTENER 
PERMANENTLY POSITIONED 


(No retapping required) 


SPLIT-SECOND ASSEMBLY 
OF PRODUCT COMPONENTS 


(Made possible by pre-attached primary fastener) 
* SHIPMENT FROM STOCK 
Samples and information furnished upon request 


| Primary Fastener in Fastener Assemblies 
a Se 
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Wanted: Engineers 


Like to break into an interesting 
field where you'll make good use 
of your engineering talents — yet 
have a chance to develop new skills? 


We're looking for several men 
with engineering experience and a 
yearning to write or edit. As an 
editor on Macuine Desicn, you 
would broaden your engineering 
background in a job that provides 
stimulating contact with people in 
many engineering areas. 


You don’t have to have actual 
writing or editing job experience, 
although we expect definite ability 
in handling the English language. 
An ME or EE degree plus several 
years of design-engineering experi- 
ence would be ideal, but we'll be 
happy to consider equivalent quali- 
fications. 


If you’ve worked in a design- 
engineering specialty area, we'd like 
to hear about it. We’re interested 


with an interest in writing 


in any job experience or training in: 
® Mechanical drives, controls, systems 

Mechanical components, assemblies 
Electrical or electronic drives, con- 
trols, systems 
Hydraulic or pneumatic systems, 
drives, controls 
Materials and finishes selection or 
specification 
Design for manufacture or produc- 
tion design 


Our headquarters are in Cleve- 
land. There is opportunity for 
travel to engineering meetings, ex- 
positions, and manufacturing com- 
panies. Salary will depend on your 
background and experience. 


If you are interested, send a re- 
sume of your engineering back- 
ground, and any evidence you may 
have of writing ability (we'll re- 
turn this if you wish) to: Editor, 
Macnuine Desicn, Penton Bldg., 
Cleveland 13, Ohio. 
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arpenter 


SPECIAL-PURPOSE and 


tubing 


6 


12 master keys to many NEW needs 


@ As fast as new developments in products and 
equipment create new needs in tubing and pipe 
for corrosion and heat control, Carpenter is 
ready with the answers. Whatever it takes, 
Carpenter makes . . . to meet the challenge of 
technological progress. 


Listed above are 12 Special-Purpose types of 
Carpenter tubing and pipe that answer today’s 
needs for high-temperature, low-expansion, 
high-permeability and corrosion-resistant ap- 
plications. These super-stainless and high alloy 
grades meet a broad range of tubing and pipe 
requirements for vital parts of jet aircraft, mis- 
siles, rockets, nuclear energy equipment, instru- 
ments, electronic devices, process equipment 
and other advanced developments. Their prop- 
erties, recommended uses and other technical 
data are contained in a new bulletin—T.D. 125. 
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Write for a copy on your company letter- 
head. Put your special-purpose requirements 
for tubing and pipe in Carpenter’s capable 
hands by contacting our nearest office. The 
Carpenter Steel Company, Alloy Tube Divi- 
sion, Union, N. J. 


your master key 
to cost-savings 


special-purpose 
tubing and pipe 
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CW 


CHANGE ¢) -% 
DIRECTION <—; 


All Electric 
Variable Speed Drive 
with Finger-tip Control 


The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 
The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 

100 to 1 speed range for jogging or light intermittent duty. 
There’s a big power cushion in the motor too . . . power for 
smooth speed pick up, even under heavy shock loads, and 
dynamic braking for fast controlled stops without shudder- 

ing or jerking. 

y The Reliance V*S Jr. is your answer to machinery drive 
(9 problems in the %4 to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


. 220 or 440 volt a-c. line. 
SPEED RANGE “3 sche vainaelerganttingns 


Write for Bulletin D-2505 for complete details. D-1554 


RELIANCE {3 ELECTRIC 


AND ENGINEERING COMPANY 


DEPT. 2811A, CLEVELAND 17, OHIO 
CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in principal cities 


OL OXOLOlOXOR ORS) 
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How to step up 
production of hollow parts 


Start with TIMKEN’ seamless steel 
tubing —n0 hole to drill! 


AKING hollow parts from bar stock slows down 
production. You have to bore out the center hole. 
That takes extra time, increases production costs. But with 
Timken® seamless steel tubing, the hole’s already there. 
Finish boring is your first production operation. You save 
a big step—increase production, reduce costs. With less 
metal to machine away you get more parts per ton of steel. 
Because Timken seamless steel tubing eliminates 
one boring operation, it frees screw machine stations for 
other jobs. You add machining capacity without adding 
machines. 


Timken seamless tubing also gives you a better quality 


TIMKE 


finished product. The piercing process by which Timken 
seamless tubing is made is basically a forging operation. 
It gives you fine forged quality—a uniform spiral grain 
flow for greater strength and a refined grain structure. And 
we maintain this uniform quality through rigid quality 
control—tube to tube, heat to heat, order to order. 

And to further increase your steel savings, Timken Com- 
pany engineers will recommend the most economical tube 
size for your hollow parts job—a size guaranteed to clean 
up to your dimensions. 

The Timken Roller Bearing Company, Steel and Tube 
Division, Canton 6, Ohio. Cable address: ““TIMROSCO”’. 


Fine . 
Alloy | 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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